SPEED CHANGE GEAR FOR AUTOMATIC TRANSMISSION 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 
5 [0001] 

The present invention relates to a speed change gear for an automatic transmission 
for achieving at least six forward gears and one reverse gear, which speed change gear is 
constituted of an input portion, three planetary gear sets, three clutches, two brakes and an 
output portion. Hereinabove, the at least six forward gears and one reverse gear are 
10 achieved by properly engaging and disengaging the three clutches and the two brakes. 

2. DESCRIPTION OF THE RELATED ART 
[0002] 

United States Patent No. 5,106,352 {equivalent of Japanese Patent Unexamined 
Publication No. Heisei 4 (1992)-2 19553} discloses a conventional speed change gear for 

15 an automatic transmission, which speed change gear is constituted of an input shaft, one 
single pinion planetary gear set, a Simpson planetary gear train (combination of two single 
pinion planetary gear sets), three clutches, two brakes, and an output shaft. The 
conventional speed change gear for an automatic transmission according to United States 
Patent No. 5,106,352 {equivalent of Japanese Patent Unexamined Publication No. Heisei 

20 4 (1992)-2 19553} achieves six forward gears and one reverse gear by properly engaging 
and disengaging gear change elements, namely, the three clutches and the two brakes. 
[0003] 

The speed change gear for the automatic transmission having the one single pinion 
planetary gear set and the Simpson planetary gear train as described above has the 
25 following feature (1) and feature (2): 
[0004] 

(1) The first gear of the Simpson planetary gear train may cause a maximum torque. A 
torque flow at the first gear may be bom via all members, which is advantageous in terms 
of strength. 
30 [0005] 




(2) Compared with a sun gear input, the Simpson planetary gear train bringing about a 
ring gear input may cause about half tangent force, which is advantageous in terms of gear 
strength, gear life, carrier rigidity and the like. 

Contrary to the above feature (1) and feature (2), the one single pinion planetary 
5 gear set and the Simpson planetary gear train according to United States Patent No. 
5,106,352 {equivalent of Japanese Patent Unexamined Publication No. Heisei 4 
(1992)-219553} may also have the following problem (3) and problem (4): 
[0006] 

(3) Obtaining an over drive OfD gear shift is supposed to make a carrier input to the 
10 Simpson planetary gear train. Making the input shaft and the output shaft substantially 

coaxial with each other, however, cannot form a carrier input path in the single pinion 
planetary gear set since the single pinion planetary gear set is constituted of limited three 
rotation members. 
[0007] 

15 (4) Forming the carrier input path, therefore, needs to dispose the input shaft and the 

output shaft substantially in parallel on different axes, thus making the automatic 

transmission radially enlarged. 

For solving the above problem (3) and problem (4), United States Patent No. 

5,106,352 {equivalent of Japanese Patent Unexamined Publication No. Heisei 4 
20 (1992)-2 19553} fiirther proposes a speed change gear using a Ravigneaux compound 

planetary gear train (double pinions each meshing with a sun gear) replacing the Simpson 

planetary gear train, as is seen in its Fig. 13, Fig. 14 and Fig. 15. 

The speed change gear with the Ravigneaux compound planetary gear train may, 

however, cause the following problem (5), problem (6), problem (7) and problem (8), 
25 although all elements are disposed substantially coaxially (in other words, with parallel 

disposition of elements avoided): 

[0008] 

(5) A double pinion planetary gear set on one side of the Ravigneaux compound 
planetary gear train may bear a maximum torque (at first gear) of the gear train, which is 
30 disadvantageous in terms of strength. 
[0009] 
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(6) A torque increased with the one single pinion planetary gear set (as a speed 
reduction gear) is to be inputted to the sun gear of the Ravigneaux compound planetary 
gear train may cause a greater tangent force than the ring gear input, which is 
disadvantageous in terms of the gear strength, the gear life, the carrier rigidity and the like. 

5 [0010] 

(7) At the first gear, securing strength (gear strength and gear life) of the Ravigneaux 
compound planetary gear train and improving the carrier rigidity and the like need to 
enlarge the Ravigneaux compound planetary gear train, thus making the automatic 
transmission enlarged. In sum, the Ravigneaux compound planetary gear train's coaxial 

10 disposition of the elements (input shaft and output shaft) contributing to small speed 
change gear may be set off. 
[0011] 

(8) Some gear shift(s) may cause a torque circulation to the Ravigneaux compound 
planetary gear train, thus lowering transmission efficiency leading to increase in fuel 

15 consumption. 
[0012] 

In other words, the speed change gear having the one single pinion planetary gear 
set and the Ravigneaux compound planetary gear train may cancel the feature (1) and the 
feature (2) of the speed change gear having the one single pinion planetary gear set and the 
20 Simpson planetary gear train. In addition, the speed change gear having the one single 
pinion planetary gear set and the Ravigneaux compound planetary gear train having the 
problem (3) and the problem (4) may enlarge the automatic transmission. 
[0013] 

En passant. United States Patent No. 5,106,352 {equivalent of Japanese Patent 
25 Unexamined Publication No. Heisei 4 (1992)-2 19553} also discloses in Fig. 12 the single 
pinion planetary gear set reducing rotation of the great torque, which rotation is inputted to 
the ring gear of the Ravigneaux compound planetary gear train. In this c£Lse, however, the 
input portion and the output portion are disposed substantially in parallel, instead of 
substantially coaxially, thus enlarging the automatic transmission. 
30 BRIEF SUMMARY OF THE INVENTION 
[0014] 



It is an object of the present invention to provide a speed change gear for an 
automatic transmission. 
[0015] 

It is another object of the present invention to provide an input portion and an output 
5 portion disposed substantially coaxially without using the Ravigneaux compound 

planetary gear train, with the feature (1) and the feature (2) obtained by the Simpson 
planetary gear train kept {more specifically, with the advantages (gear strength, gear life 
and the like) of the gear train kept}, with the problem (3) and the problem (4) (making the 
automatic transmission enlarged) solved, and with the problem (8) (torque circulation 
10 caused to the Ravigneaux compound planetary gear train, and increased fuel consumption) 
solved. 
[0016] 

It is still another object of the present invention to provide the speed change gear for 
the automatic transmission with improved selectivity of gear ratios, as compared with the 
1 5 speed change gear using the Ravigneaux compound planetary gear train. 
[0017] 

It is still another object of the present invention to provide the speed change gear for 
the automatic transmission which speed change gear can shorten a power conductive paths 
(including clutches) transmitting a great torque reduced in a first planetary gear set to a 
20 latter planetary gear set(s), can make component parts for the power transmission smaller 
and facilitate handling and mounting of the component parts, can keep the above feature 
(1) and feature (2), and can contribute to making the automatic transmission smaller. 

[0018] 

25 According to an aspect of the present invention, there is provided a speed change 

gear for an automatic transmission, comprising: 

1) an input portion for inputting a rotation from a power source; 

2) an output portion disposed substantially coaxially with the input portion; 

3) three planetary gear sets including a first planetary gear set, a second planetary 
30 gear set and a third planetary gear set for providing a plurality of power conductive paths 

to an area defined between the input portion and the output portion; and 



5 



4) a first clutch, a second clutch, a third clutch, a first brake and a second brake to 
be selectively connected and disconnected in such a manner that the three planetary gear 
sets change a rotation firom the input portion at a corresponding gear change ratio by 
selecting one of the plurality of the power conductive paths, thereby outputting the thus 
5 changed rotation to the output portion, the first clutch, the second clutch, the third clutch, 
the first brake and the second brake making a combination of engagement and 
disengagement, the combination making a selection from at least six forward gears and 
one reverse gear. 

One of the three planetary gear sets is a speed reduction planetary gear set for 
10 continuously reducing the inputted rotation and outputting the thus reduced rotation. 

One of the remaining two planetary gear sets of the three planetary gear sets is a 
double sun gear planetary gear set which includes; 

two sun gears, a common pinion meshing with the two sun gears in common, 
one ring gear meshing with the conmion pinion, and a planetary carrier for carrying the 
15 common pinion in such a manner that the conmion pinion rotates, the planetary carrier 
being adapted to input and output a rotation fi-om between the two sun gears via a center 
member connected to a side member. 

The other of the remaining two planetary gear sets of the three planetary gear sets is 
a single pinion planetary gear set which includes; 
20 one sun gear, a pinion meshing with the one sun gear, one ring gear meshing 

with the pinion, and a planetary carrier for carrying the pinion in such a meuiner that the 
pinion rotates. 

The speed change gear for the automatic transmission includes: 

i) a first rotation member including one of the two sun gears of the double sun 
25 gear planetary gear set, and being adapted to be held stationary by the second brake; 

ii) a second rotation member including the other of the two sun gears of the 
double sun gear planetary gear set, and receiving via the second clutch the reduced 
rotation fi-om the speed reduction planetary gear set; 

iii) a third rotation member including an element connected mutually to the 
30 double sun gear planetary gear set and the single pinion planetary gear set, and outputting 

the changed rotation to the output portion; 
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iv) a fourth rotation member receiving via the third clutch the inputted rotation, 
being adapted to be held stationary by the first brake and including an element in the 
double sun gear planetary gear set and the single pinion planetary gear set; and 

v) a fifth rotation member receiving via the first clutch the outputted rotation 
5 from the speed reduction planetary gear set, and including an element in the corresponding 

one of the double sun gear planetary gear set and the single pinion planetary gear set. 

One of the double sun gear planetary gear set and the single pinion planetary gear 
set which relates to the second rotation member and the fifth rotation member is disposed 
nearer to the speed reduction planetary gear set than the other of the double sun gear 
10 planetary gear set and the single pinion planetary gear set. 

[0019] 

The other object(s) and feature(s) of the present invention will become understood 
from the following description with reference to the accompanying drawings. 
1 5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0020] 

Fig. 1 is a typical skeleton diagram of a speed change gear for an automatic 
transmission, according to a first embodiment of the present invention. 
[0021] 

20 Fig. 2 shows an engagement logic of a transmission friction element of the speed 

change gear, relative to a selected gear shift. 
[0022] 

Fig. 3 is a common line diagram showing a rotation state at each gear shift of a 
rotation member of the speed change gear, according to the first embodiment. 
25 [0023] 

Fig. 4 shows torque flow paths at each gear shift of the speed change gear according 
to the first embodiment, in which: 

Fig. 4(a) is a typical skeleton diagram similar to that in Fig. 1 at a first gear. 
Fig. 4(b) is a typical skeleton diagram similar to that in Fig. 1 at a second gear, 

30 and 

Fig. 4(c) is a typical skeleton diagram similar to that in Fig. 1 at a third gear. 

[0024] 



Fig. 5 shows torque flow paths at each gear shift of the speed change gear according 
to the first embodiment, in which: 

Fig. 5(a) is a typical skeleton diagram similar to that in Fig. 1 at a fourth gear, 
Fig. 5(b) is a typical skeleton diagram similar to that in Fig. 1 at a fifth gear, 

5 and 

Fig. 5(c) is a typical skeleton diagram similar to that in Fig. 1 at a sixth gear, 

[0025] 

Fig. 6 shows torque flow paths at a reverse gear shift of the speed change gear 
according to the first embodiment, with a typical skeleton diagram similar to that in Fig. 1 . 
10 [0026] 

Fig. 7 is a typical skeleton diagram of a speed change gear for an automatic 
transmission, with a Ravigneaux compound planetary gear train causing a torque 
circulation at a second gear. 
[0027] 

15 Fig. 8 shows torque conductive paths, in which: 

Fig. 8(a) is a schematic diagram of a Simpson planetary gear train, showing 
torque conductive paths at a first gear, and 

Fig. 8(b) is a schematic diagram of the Ravigneaux compound planetary gear 
train, showing torque conductive paths at a first gear. 
20 [0028] 

Fig. 9 shows a difference in tangent force of the planetary gear set between a sun 
gear input F and a ring gear input f 
[0029] 

Fig. 10 explains that the speed change gear using the Simpson planetary gear train 
25 cannot achieve a carrier input for the over drive gear shift, as compared with the speed 
change gear under the present invention achieving the carrier input, in which: 

Fig. 10(a) is a schematic showing that the Simpson planetary gear train lacks 
rotation members, thus rendering the carrier input unachievable, 

Fig. 10(b) is a schematic of the Simpson planetary gear train incapable of 
30 achieving the carrier input, and 

Fig. 10(c) is a schematic of a double sun gear planetary gear set under the 
present invention, achieving the carrier input. 
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[0030] 

Fig. 1 1 is a table showing comparison of performance between the speed change 
gear using the Ravigneaux compound planetary gear train and the speed change gear using 
the Ishimaru planetary gear train. 
5 [0031] 

Fig. 12 is a view of a developed cross section showing an actual constitution of the 
speed change gear in Fig. 1 to Fig. 6, according to the first embodiment, in which: 

the speed change gear has an input portion 1 and an output portion 2 reversed 
relative to those shown by the skeleton diagrams in Fig. 1, Fig. 4, Fig. 5 and Fig. 6. 
10 [0032] 

Fig. 13 is a typical skeleton diagram of a speed change gear for an automatic 
transmission, according to a second embodiment of the present invention. 
[0033] 

Fig. 14 is a common line diagram showing a rotation state at each gear shift of a 
15 rotation member of the speed change gear, according to the second embodiment. 
[0034] 

Fig. 15 shows torque flow paths at each gear shift of the speed change gear 
according to the second embodiment, in which: 

Fig. 1 5(a) is a typical skeleton diagram similar to that in Fig. 13 at a first gear, 
20 Fig. 15(b) is a typical skeleton diagram similar to that in Fig. 13 at a second 

gear, and 

Fig. 15(c) is a typical skeleton diagram similar to that in Fig. 13 at a third gear. 

[0035] 

Fig. 16 shows torque flow paths at each gear shift of the speed change gear 
25 according to the second embodiment, in which: 

Fig. 16(a) is a typical skeleton diagram similar to that in Fig. 13 at a fourth 

gear, 

Fig. 16(b) is a typical skeleton diagram similar to that in Fig. 13 at a fifth gear, 

and 

30 Fig. 16(c) is a typical skeleton diagram similar to that in Fig. 13 at a sixth gear. 

[0036] 
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Fig. 17 shows torque flow paths at a reverse gear shift of the speed change gear 
according to the second embodiment, with a typical skeleton diagram similar to that in Fig. 
13. 

[0037] 

5 Fig. 1 8 is a view of a developed cross section showing an actual constitution of the 

speed change gear in Fig. 13 to Fig. 17, according to the second embodiment, in which: 

the speed change gear has an input portion 1 and an output portion 2 reversed 
relative to those shown by the skeleton diagrams in Fig. 13, Fig. 15, Fig. 16 and Fig. 17. 
[0038] 

10 Fig. 19 is a typical skeleton diagram of a speed change gear for an automatic 

transmission, according to a third embodiment of the present invention. 
[0039] 

Fig. 20 shows torque flow paths at each gear shift of the speed change gear 
according to the third embodiment, in which: 
15 Fig. 20(a) is a typical skeleton diagram similar to that in Fig. 19 at a first gear, 

and 

Fig. 20(b) is a typical skeleton diagram similar to that in Fig. 19 at a second 

gear. 
[0040] 

20 Fig. 21 shows torque flow paths at each gear shift of the speed change gear 

according to the third embodiment, in which: 

Fig. 21(a) is a typical skeleton diagram similar to that in Fig. 19 at a third gear. 
Fig. 21(b) is a typical skeleton diagram similar to that in Fig. 19 at a fourth 

gear, and 

25 Fig. 21(c) is a typical skeleton diagram similar to that in Fig. 19 at a fifth gear. 

[0041] 

Fig. 22 shows torque flow paths at each gear shift of the speed change gear 
according to the third embodiment, in which: 

Fig. 22(a) is a typical skeleton diagram similar to that in Fig. 19 at a sixth gear, 

30 and 

Fig. 22(b) is a typical skeleton diagram similar to that in Fig. 19 at a reverse 

gear. 
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[0042] 

Fig. 23 is a view of a developed cross section showing an actual constitution of the 
speed change gear in Fig. 19 to Fig. 22, according to the third embodiment. 
DETAILED DESCRIPTION OF THE EMBODIMENT 
5 [0043] 

In the following, various embodiments of the present invention will be described in 
detail with reference to the accompanying drawings. 
[0044] 

For ease of understanding, the following description will contain various directional 
10 terms, such as, left, right, upper, lower, forward, rearward and the like. However, such 
terms are to be understood with respect to only a drawing or drawings on which the 
corresponding part of element is illustrated. 

[0045] 

1 5 <First embodiment> 

Fig. 1 shows a typical skeleton diagram of a speed change gear for an automatic 
transmission, according to a first embodiment of the present invention. There are provided 
a first planetary gear set Gl, a second planetary gear set G2, a third planetary gear set G3, 
a first connector member Ml, a second connector member M2, a first clutch CI, a second 

20 clutch C2, a first brake Bl , a second brake B2, an input portion INPUT (input shaft 1), and 
an output portion OUTPUT (output gear 2). 
[0046] 

The speed change gear (referred to as "speed reduction single pinion type") for the 
automatic transmission according to the first embodiment is so constituted that the first 
25 planetary gear set Gl (speed reduction, single pinion), the second planetary gear set G2 
(single pinion), and the third planetary gear set G3 (double sun gear) are sequentially and 
substantially coaxially arranged from a left end (an end close to the input portion INPUT 
[input shaft 1]), as is seen in Fig. 1. 
[0047] 

30 The first planetary gear set Gl constitutes a speed reduction planetary gear set, while 

the second planetary gear set G2 and the third planetary gear set G3 constitute a speed 
change planetary gear set (hereinafter referred to as *'Ishimaru planetary gear train"). 
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[0048] 

The first planetary gear set Gl has a first sun gear SI, a first ring gear Rl, a first 
pinion PI meshing with the first sun gear SI and the first ring gear Rl, and a first 
planetary carrier PCI for carrying the first pinion PI in such a manner that the first pinion 
5 PI can rotate, thus constituting the single pinion planetary gear set (speed reduction 
planetary gear set). 
[0049] 

The second planetary gear set G2 has a second sun gear 82, a second ring gear R2, a 
second pinion P2 meshing with the second sun gear S2 and the second ring gear R2, and a 
10 second planetary carrier PC2 for carrying the second pinion P2 in such a manner that the 
second pinion P2 can rotate, thus constituting the single pinion planetary gear set. 
[0050] 

The third planetary gear set G3 has a third sun gear S3, a fourth sun gear S4, a third 
pinion P3 meshing with the third sun gear S3 and the fourth sun gear S4 in common, a 

1 5 third planetary carrier PC3 for carrying the third pinion P3 in such a manner that the third 
pinion P3 can rotate, and a third ring gear R3 (one in number) meshing with the third 
pinion P3, thus constituting the double sun gear planetary gear set. Hereinabove, the third 
sun gear S3 is disposed on a nearer side to the input portion INPUT, while the fourth sun 
gear S4 is disposed on a farther side fi-om the input portion INPUT. 

20 [0051] 

Although the third sun gear S3 and the fourth sun gear S4 are disposed substantially 
coaxially, the numbers of teeth thereof need not to be equal (in other words, the different 
numbers of teeth are allowed). 
[0052] 

25 The third planetary carrier PC3 is provided with a center member CM extending 

radially inward from between the third sun gear S3 and the fourth sun gear S4, and is 
provided with an outer member OM extending radially outward firom the third planetary 
carrier PC3. The outer member OM is disposed actually in a special manner (to be 
described in detail afterward). 

30 [0053] 

Hereinabove, the center member CM is united with the third planetary carrier PC3. 
The center member CM is so disposed to as to pass through a space which is defined on a 
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circle formed with pitches arranged on the third pinion P3 and which is defined between 
the adjacent third pinions P3. The center member CM is so disposed as to extend radially 
inward from between the third sun gear S3 £ind the fourth sun gear S4. 
[0054] 

5 The input portion INPUT is constituted of the input shaft 1 . Connecting the input 

shaft 1 to the first ring gear Rl and connecting the input shaft 1 to an engine (not shown) 
as power source via a torque converter (not shown) allow engine speed to be inputted to 
the first ring gear Rl. 
[0055] 

10 The output portion OUTPUT is constituted of an output gear 2. The output gear 2 

substantially coaxially connects to the second connector member M2 (constituting a 
coupling body for coupling the second planetary carrier PC2 and the third ring gear R3), 
thus sending transmitted (changed speed) output rotation from the output gear 2 to a drive 
wheel of a vehicle via a final gear set (not shown) and a differential gear device (not 

15 shown). 
[0056] 

Hereinabove, the first connector member Ml is a connector member for cormecting 
the second sun gear S2 and the third sun gear S3 unitedly, thus constituting a coupling 
body for coupling the second sun gear 82 and the third sun gear S3. 
20 [0057] 

Being connected to a transmission case 3, the first sun gear SI of the speed 
reduction planetary gear set Gl is held continuously stationary. The first planetary carrier 
PCI is adapted to be connected to the second ring gear R2 by the first clutch CI, and is 
adapted to be connected to the second sun gear S2 by the second clutch C2. 
25 [0058] 

The center member CM of the third planetary carrier PC3 is adapted to be connected 
to the input shaft I by the third clutch C3. 
[0059] 

The outer member OM of the third planetary carrier PC3 of the double sun gear 
30 planetary gear set G3 is adapted to be connected to the transmission case 3 by the first 
brake Bl, and is adapted to hold stationary the third planetary carrier PC3. The fourth sun 
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gear S4 is adapted to be connected to the transmission case 3 by the second brake B2, and 

thereby is adapted to be held stationary. 

[0060] 

With the speed change gear having the above constitution according to the first 
5 embodiment, engaging and disengaging the first clutch CI, the second clutch C2, the third 
clutch C3, the first brake Bl, and the second brake B2 referring to combinations shown in 
Fig, 2 (a circle stands for engagement while a blank stands for disengagement) can select 
corresponding gear shifts (six forward gears and one reverse gear). A control valve body 
(not shown) for transmission control achieving engagement logic for the applicable 
10 transmission is connected to the first clutch CI, the second clutch C2, the third clutch C3, 
the first brake Bl, and the second brake B2. 
[0061] 

The control valve body (not shown) for the transmission control is of a hydraulic 
pressure control type, an electronically control type, a combination of the former two, or 
15 the like. 

[0062] 

Hereinafter described is transmission operation of the above speed change gear 
according to the first embodiment, referring to Fig. 2 to Fig. 6. 
20 [0063] 

Fig. 2 shows an engagement logic of a transmission friction element of the speed 
change gear, relative to a selected gear shift. 
[0064] 

Fig. 3 is a common line diagram showing a rotation state at each gear shift of the 
25 rotation member of the speed change gear, according to the first embodiment. 
[0065] 

Fig. 4 to Fig. 6 show torque flow paths at each gear shift of the speed change gear, 
according to the first embodiment. 
[0066] 

30 In Fig. 3, a boldest line is a common line diagram of the first planetary gear set Gl, 

while a second boldest line is a common line diagram of the speed change planetary gear 
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set including the second planetary gear set G2 and the third planetary gear set G3 (the 

Ishimaru planetar)' gear train). 

[0067] 

In Fig. 4 to Fig. 6, the torque flow paths of the clutch, the brake and the member are 
5 shown with a bold line, and the gear used for the torque flow is hatched. 

[0068] 
(First gear) 

As is seen in Fig. 2, engaging the first clutch CI and the first brake Bl may achieve 
10 the forward first gear. 
[0069] 

At the first gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input a reduced rotation firom the first planetary gear set Gl to the second 
ring gear R2. 
15 [0070] 

On the other hand, in view of the third planetary gear set G3, engaging the first 
brake Bl may hold stationary the third planetary carrier PCS to the transmission case 3, 
thus rotation of the third sun gear S3 is reversed and reduced relative to an output rotation 
from the third ring gear R3. The rotation of the third sun gear S3 is transmitted to the 
20 second sun gear S2 of the second planetary gear set G2 via the first connector member 
Ml. 
[0071] 

In view of the second planetary gear set G2, a forward reduced rotation is inputted 
from the second ring gear R2 while the reverse reduced rotation is inputted from the 
25 second sun gear 82, thus further reducing the rotation from the second ring gear R2. The 
thus further reduced rotation is to be outputted from the second planet2try carrier PC2 to 
the output gear 2 via the second connector member M2. 
[0072] 

Summarizing the above, at the first gear, the common line diagram in Fig. 3 defines 
30 a line connecting an engagement point of the first clutch CI (rendering the reduced 
rotation from the first planetary gear set Gl as the input rotation to the second ring gear 
R2) and an engagement point of the first brake Bl (braking the rotation of the third 
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planetary carrier PC3), thus reducing the rotation inputted from the input shaft 1 and 

thereafter outputting the thus reduced rotation from the output gear 2. 

[0073] 

Fig. 4(a) shows the torque flow paths at the first gear, with the first clutch CI, the 
5 first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
(excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 
[0074] 

10 In other words, at the first gear, the first planetary gear set Gl and the Ishimaru 

planetary gear train (including the second planetary gear set G2 and the third planetary 
gear set G3) may contribute to the torque flow. 

[0075] 
15 (Second gear) 

As is seen in Fig. 2, disengaging the first brake Bl (which is engaged at the first 
gear) while engaging the second brake B2, namely, engaging the first clutch CI and the 
second brake B2 may achieve the forward second gear. 
[0076] 

20 At the second gear, in view of the second planetary gear set G2, engaging the first 

clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 

ring gear R2. 
[0077] 

On the other hand, in view of the third planetary gear set G3, engaging the second 
25 brake B2 may hold stationary the fourth sun gear S4 to the transmission case 3, thus 
holding stationary the third sun gear S3 which is connected to the fourth sun gear S4 by 
the third pinion P3. Then, the second sun gear 82 connected to the third sun gear S3 via 
the first connector member Ml may be held stationary to the transmission case 3. 
[0078] 

30 In view of the second planetary gear set G2, the forward reduced rotation is inputted 

from the second ring gear R2 while the second sun gear S2 is held stationary, thus fiirther 
reducing the reduced rotation from the second ring gear R2. The thus further reduced 
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rotation is to be outputted from the second planetary carrier PC2 to the output gear 2 via 

the second connector member M2. 

[0079] 

Summarizing the above, at the second gear, the common line diagram in Fig. 3 
5 defines a line connecting the engagement point of the first clutch CI (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the second 
ring gear R2) and an engagement point of the second brake B2 (braking the rotation of the 
fourth sun gear S4), thus reducing the rotation inputted from the input shaft 1 (the second 
gear is, however, higher than the first gear) and thereafter outputting the thus reduced 
10 rotation from the output gear 2. 
[0080] 

Fig. 4(b) shows the torque flow paths at the second gear, with the first clutch CI, the 
second brake B2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
1 5 line and the hatching teach that the torque is operated. 
[0081] 

In view of the third planetary gear set G3, the third pinion P3 free of constraint may 
revolve around the stationary sun gear S3 and the stationary sun gear S4 in accordance 
with the output rotation of the third ring gear R3. In sum, although acting as a rotation 
20 member, the third planetary gear set G3 may make substantially no contribution to the 
torque flow. 

[0082] 
(Third gear) 

25 As is seen in Fig. 2, disengaging the second brake B2 (which is engaged at the 

second gear) while engaging the second clutch C2, namely, engaging the first clutch CI 
and the second clutch C2 may achieve the forward third gear. 
[0083] 

At the third gear, in view of the second planetary gear set G2, engaging the first 
30 clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. Substantially simultaneously with this, engaging the second clutch C2 may 
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input the reduced rotation from the first planetary gear set Gl to the second sun gear S2 of 

the second planetar>' gear set G2. 

[0084] 

In view of the second planetary gear set G2, substantially the same reduced rotation 
5 is inputted to the second ring gear R2 and the second sun gear S2, thus outputting the 
reduced rotation (substantially the same as the reduced rotation from the first planetary 
gear set Gl) to the output gear 2 via the second planetary carrier PC2 (rotating integrally 
with the second ring gear R2 and the second sun gear S2) and the second connector 
member M2. 
10 [0085] 

Summarizing the above, at the third gear, the common line diagram in Fig. 3 defines 
a line connecting the engagement point of the first clutch CI (rendering the reduced 
rotation firom the first planetary gear set Gl as the input rotation to the second ring gear 
R2) and an engagement point of the second clutch C2 (rendering the reduced rotation fi"om 
15 the first planetary gear set Gl as the input rotation to the second sun gear S2), thus 
reducing the rotation inputted from the input shaft 1 (with a reduction ratio equal to that of 
the first planetary' gear set Gl) and thereafter outputting the thus reduced rotation from the 
output gear 2. 
[0086] 

20 Fig. 4(c) shows the torque flow paths at the third gear, with the first clutch CI, the 

second clutch C2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 
[0087] 

25 Hereinabove, the third planetary gear set G3 may make substantially no contribution 

to the torque flow. 

[0088] 

(Fourth gear) 

30 As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the third 

gear) while engaging the third clutch C3, namely, engaging the first clutch CI and the 
third clutch C3 may achieve the forward fourth gear. 
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[0089] 

At the fourth gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input the reduced rotation fi-om the first planetary gear set Gl to the second 
ring gear R2. 
5 [0090] 

On the other hand, in view of the third planetary gear set G3, engaging the third 
clutch C3 may input the input rotation from the input shaft 1 to the third planetary carrier 
PC3 via the center member CM. Thereby, the rotation of the third sun gear S3 is more 
increased than the output rotation of the third ring gear R3 . The thus increased rotation of 
10 the third sun gear S3 may be transmitted to the second sun gear S2 via the first cormector 
member ML 
[0091] 

In view of the second planetary gear set G2, the reduced rotation is inputted from the 
second ring gear R2 while the increased rotation is inputted from the second sun gear S2, 
15 thus increasing the reduced rotation from the second ring gear R2 (although lower than the 
input rotation). The thus increased rotation is to be outputted from the second planetary 
carrier PC2 to the output gear 2 via the second connector member M2. 
[0092] 

Summarizing the above, at the fourth gear, the common line diagram in Fig. 3 
20 defines a line cormecting the engagement point of the first clutch CI (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the second 
ring gear R2) and an engagement point of the third clutch C3 (rendering the rotation of the 
third planetary carrier PC3 as the input rotation), thus slightly reducing the rotation 
inputted from the input shaft 1 and thereafter outputting the thus slightly reduced rotation 
25 from the output gear 2. 
[0093] 

Fig. 5(a) shows the torque flow paths at the fourth gear, with the first clutch CI, the 
third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third pleuietary gear set G3 
30 (excluding the fourth sun gear 84) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 
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[0094] 
(Fifth gear) 

As is seen in Fig. 2, disengaging the first clutch CI (which is engaged at the fourth 
gear) while engaging the second clutch C2, namely, engaging the second clutch C2 and 
5 the third clutch C3 may achieve the forward fifth gear. 
[0095] 

At the fifth gear, engaging the second clutch C2 may input the reduced rotation from 
the first planetary gear set Gl to the third sun ge£ir S3 via the second sun gear S2 and the 
first connector member Ml. Substantially simultaneously with this, engaging the third 
10 clutch C3 may input the input rotation from the input shaft 1 to the third planetary carrier 
PC3 via the center member CM. 
[0096] 

In view of the third planetary gear set G3, the input rotation is inputted to the third 
planetary carrier PC3 while the reduced rotation from the first planetary gear set Gl is 
15 inputted to the third sun gear S3, thus increasing the input rotation. The thus increased 
rotation (higher than the input rotation) is to be outputted fi-om the third ring gear R3 to 
the output gear 2 via the second connector member M2. 
[0097] 

Summarizing the above, at the fifth gear, the common line diagram in Fig. 3 defines 
20 a line connecting the engagement point of the second clutch C2 (rendering the reduced 
rotation from the first planetary gear set Gl as the input rotation to the third sun gear S3) 
and an engagement point of the third clutch C3 (rendering the rotation of the third 
planetary carrier PC3 as the input rotation), thus slightly increasing the rotation inputted 
from the input shaft 1 and thereafter outputting the thus slightly increased rotation from 
25 the output gear 2. 
[0098] 

Fig. 5(b) shows the torque flow paths at the fifth gear, with the second clutch C2, the 
third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the third planetary gear set G3 (excluding the fourth sun gear 
30 S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 



[0099] 
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(Sixth gear) 

As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the fifth 
gear) while engaging the second brake B2, namely, engaging the third clutch C3 and the 
second brake B2 may achieve the forward sixth gear. 
5 [00100] 

At the sixth gear, engaging the third clutch C3 may input the input rotation from the 
input shaft 1 to the third planetary carrier PC3 via the center member CM of the third 
planetary gear set G3. Moreover, engaging the second brake B2 may hold stationary the 
fourth sun gear S4 of the third planetary gear set G3 to the transmission case 3. 
10 [00101] 

In view of the third planetary gear set G3, the input rotation is inputted to the third 
planetary carrier PC3 while the fourth sun gear S4 is held stationary to the transmission 
case 3, thus increasing the input rotation. The thus increased rotation is to be outputted 
from the third ring gear R3 to the output gear 2 via the second connector member M2. 
15 [0102] 

Summarizing the above, at the sixth gear, the common line diagram in Fig. 3 defines 
a line connecting the engagement point of the third clutch C3 (rendering the rotation of the 
third planetary carrier PC3 as the input rotation) and the engagement point of the second 
brake B2 (holding stationary the fourth sun gear S4 to the transmission case 3), thus 
20 increasing the rotation inputted from the input shaft 1 and thereafter outputting the thus 
increased rotation from the output gear 2. 
[0103] 

Fig. 5(c) shows the torque flow paths at the sixth gear, with the third clutch C3, the 
second brake B2 and each of the members indicated by the bold line and with the third 
25 planetary gear set G3 (excluding the third sun gear S3) hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 

[0104] 

(Reverse gear) 

30 As is seen in Fig. 2, engaging the second clutch C2 and the first brake Bl may 

achieve the reverse gear. 
[0105] 
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At the reverse gear, engaging the second clutch C2 may input the reduced rotation 
from the first planetary gear set Gl to third sun gear S3 via the second sun gear S2 and the 
first connector member Ml. On the other hand, engaging the first brake Bl may hold 
stationary the planetary carrier PCS to the transmission case 3. 
5 [0106] 

In view of the third planetary gear set G3, the forward reduced rotation is inputted to 
the third sun gear S3 while the third planetary carrier PC3 may be held stationary to the 
transmission case 3, thus outputting the reverse reduced rotation from the third ring gear 
R3 to the output gear 2 via the second connector member M2, 
10 [0107] 

Summarizing the above, at the reverse gear, the common line diagram in Fig. 3 
defines a line connecting the engagement point of the second clutch C2 (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the third sun 
gear S3) and the engagement point of the first brake B 1 (braking the rotation of the third 
15 planetary carrier PC3), thus reversely reducing the rotation inputted from the input shafr 1 
and thereafter outputting the thus reversely reduced rotation from the output gear 2. 
[0108] 

Fig. 6 shows the torque flow paths at the reverse gear, with the second clutch C2, the 
first brake Bl and each of the members indicated by the bold line and with the first 
20 planetary gear set Gl and the third planetary gear set G3 (excluding the fourth sun gear 
S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 

[0109] 

[Improvement over the related art] 

25 A basic concept of the speed change gear according to the first embodiment is to 

achieve the forward six speeds by the three clutches and the two brakes. Although the 
speed change gear according to the first embodiment is based on the combination of the 
speed reduction planetary gear set and the Simpson planetary gear train, the problem (3) 
£md the problem (4) of the Simpson planetary gear train are solved. 

30 [0110] 

Moreover, the basic concept of the speed change gear according to the first 
embodiment is to solve probable new problems which may be inevitably caused to the 
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combination of the speed reduction planetary gear set and the Ravigneaux compound 
planetary gear train. 

[0111] 

5 Hereinafter described is an exemplary feature of the speed change gear according to 

the first embodiment, as compared with the speed change gear using the Simpson 
planetary gear train or the Ravigneaux compound planetary gear train. 

[0112] 

10 * Feature of Simpson planetary gear train 
[0113] 

(a) In the Simpson planetary gear train, a torque flow at the first gear (causing a 
maximum torque) may be bom via all members, as is seen in Fig. 8(a), which is 
advantageous in terms of strength. 
15 [0114] 

(P) Simpson planetary gear train having a ring gear input may cause about half tangent 
force compared with a sun gear input, which is advantageous in terms of gear strength, 
gear life and carrier rigidity and the like. More specifically, as is seen in Fig. 9, 
substantially the same torque inputted to the planetary gear set may cause a ring gear input 
20 f having a tangent force 1/2 to 1/2.5 times that of a sun gear input F. 
[0115] 

(y) The Simpson planetary gear train is supposed to make a carrier input for achieving 
an over drive O/D gear shift. Disposing the input shaft and the output shaft substantially 
coaxially in the Simpson planetary gear train may limit the rotation members three in 
25 number, as is seen in Fig. 10(a), rendering the carrier input path {see a broken line in Fig. 
10(b)} unobtainable. 
[0116] 

Obtaining the carrier input path for achieving the over drive O/D needs to dispose 
the input shaft and the output shaft on different shafts (parallel disposition), thus making 
30 the automatic transmission radially enlarged. 



[0117] 
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* Feature of Ravigneaux compound planetary gear train 
[0118] 

For solving the feature (y), the Ravigneaux compound planetary gear train replacing 
the Simpson planetary gear train is used for the speed change gear. The Ravigneaux 
5 compound planetary gear train can dispose the input shaft and the output shaft 
substantially coaxially, leaving the following problems though: 
[0119] 

(6) As is seen in Fig. 8(b), the maximum torque (at first gear) of the gear train may be 
bom by the double pinion planetary gear set on one side of the Ravigneaux planetary gear 
10 train, which is disadvantageous in terms of strength. 
[0120] 

(e) A torque increased with one single pinion planetary gear set (speed reduction 
planetary gear set) may be inputted to a sun gear of the Ravigneaux compound planetary 
gear train, as is seen in Fig. 7. The sun gear input may cause greater tangent force than the 
15 ring gear input {see problem (P) above}, which is disadvantageous in terms of gear 
strength, gear life, carrier rigidity and the like. 
[0121] 

(^) At the first gear, securing strength (gear strength and gear life) of the Ravigneaux 
compound planetarj^ gear train and improving the carrier rigidity and the like need to 
20 enlarge the Ravigneaux compound planetary gear train, thus making the automatic 
transmission enlarged. 
[0122] 

(r|) The second gear may cause the torque circulation to the Ravigneaux compound 
planetary gear train, as is seen in Fig. 7, thus lowering transmission efficiency leading to 
25 increase in the ftiel consumption. 
[0123] 

Herein, the above torque circulation is described referring to Fig. 7. An output 
torque (2.362) and a circulating torque (1.77) are caused dividedly from a third sun gear 
R3. The circulating torque (1 .77) may circulate at the second gear in the third ring gear R3 
30 and a second pinion P2. 



[0124] 
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* Feature of the planetary gear train according to the first embodiment of the present 

invention 

[0125] 

The Ishimaru planetary gear train having the combination of the single pinion 
5 planetary gear set G2 and the double sun gear planetary gear set G3 according to the first 
embodiment has the following exemplary feature: 
[0126] 

(a) Achieving the over drive O/D gear shift needs to make the carrier input. The 
Ishimaru planetary gear train achieving the carrier input can also achieve coaxial 

10 disposition (like the Ravigneaux compound planetary gear train) of the input portion and 
the output portion. More specifically, as is seen in Fig. 10(c), the double sun gear 
planetary gear set constituting the Ishimaru planetary gear train has increased members, 
namely five in number, including two members for the sun gear, one member for the ring 
gear, and two members (one extending axially and the other extending radially) for the 

15 planetary carrier. The thus increased members may allow the center member to take the 
input radially firom between the two sun gears, thereby achieving the carrier input at the 
high gear shift (including the over drive O/D). Hereinabove, according to the first 
embodiment, the over drive O/D is defined as the fourth gear, the fifth gear and the sixth 
gear. 

20 [0127] 

(b) The maximum torque (transmission torque at the first gear) of the gear train may be 
bom, as is seen in Fig. 4(a), by the second planetary gear set G2 and the third planetary 
gear set G3 which constitute the Ishimaru planetary gear train, thus allowing the torque at 
the first gear to be bom via all members, which is advantageous in terms of strength. 

25 [0128] 

(c) The torque increased with the first planetary gear set Gl (one in number) as the 
speed reduction planetary gear set is inputted to the second ring gear R2 of the Ishimam 
planetary gear train, for example, at the first gear and the second gear {see Fig. 4(a) and 
Fig. 4(b)) which may cause a great transmission torque. Compared with the sun gear input 

30 by the Ravigneaux compound planetary gear train, the above ring gear input of the 
Ishimaru planetary gear train may make the tangent force smaller, which is advantageous 
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in terms of gear strength, gear life, carrier rigidity and the like (thus smaller dimension is 

achievable). 

[0129] 

(d) As compared with the Ravigneaux compound planetary gear train, the Ishimaru 
5 planetary gear train may be more advantageous in terms of strength, and also more 

advantageous in terms of gear strength, gear life, carrier rigidity and the like. In addition, 
like the Ravigneaux compound planetary gear train, the Ishimaru planetary gear train can 
dispose the input portion and the output portion substantially coaxially, thus making the 
speed change gear smaller and further thus making the automatic transmission smaller. 
10 [0130] 

(e) As is seen in Fig. 4(b), the Ishimaru planetary gear train at the second gear may 
cause substantially no torque circulation, thus improving the transmission efficiency 
leading to decrease in the fuel consumption, unlike the Ravigneaux compound planetary 
gear train causing the torque circulation at the second gear. 

15 

Fig. 1 1 is a table showing comparison between the Ravigneaux compound planetary 
gear train and the Ishimaru planetary gear train with generally applicable gear ratio a (= 
the number of teeth of sun gear/the number of teeth of ring gear) from 0.35 to 0.65 and in 
view of a preferable state causing an inter gear shift ratio to become smaller for higher 
20 gear shift. The transmission efficiency at the second gear reads 0.950 or 0.952 for the 
Ravigneaux compound planetary gear train, while reads 0.972 for the first planetary gear 
set Gl (single pinion) of the Ishimaru planetary gear train and 0.968 for the first planetary 
gear set Gl (double pinion) of the Ishimaru planetary gear train. 
[0131] 

25 (f) The Ravigneaux compound planetary gear train has a regulation of fixing (constant) 
the number of teeth of the ring gear for setting the gear ratio a. Therefore, with the 
generally applicable gear ratio a from 0.35 to 0.65 and in view of the preferable state 
causing the inter gear shift ratio to become smaller for higher gear shift, a ratio coverage 
(first gear ratio/sixth gear ratio) which is an applicable transmission ratio width is in a 

30 range from 4.81 (minimum) to 7.20 (maximum), as is seen in Fig. 1 1. 

Compared with the Ravigneaux compound planetary gear train, the Ishimaru 
planetary gear train defining a gear ratio a2 of the second planetary gear set G2 
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independently from a gear ratio a3 of the third planetary gear set G3 can have more 
extensive applicable ratio coverage. More specifically, as is seen in Fig. 11, the first 
planetary gear set Gl (single pinion) defines the ratio coverage in a range from 4.81 
(minimum) to 7.80 (maximum) while the first planetary gear set Gl (double pinion) 
5 defines the ratio coverage in a range from 5.08 (minimum) to 9.02 (maximum). For 
example, the numerical values in Fig. 2 show that selectivity of the gear ratio can be 
increased (5.5, 6.0, 6.5 and 7.0 are ratio coverage). 

[0132] 

10 As described above, the speed change gear according to the first embodiment may 

bring about the following effect (A) {including effect (i) to effect (vi)} to effect (G): 
[0133] 

(A) At first, the speed change gear according to the first embodiment has the following 
constitution: 

15 1) an input portion INPUT (input shaft 1) for inputting a rotation from a power 

source (engine ENG); 

2) an output portion OUTPUT (output gear 2) disposed substantially coaxially 
with the input portion INPUT; 

3) three planetary gear sets Gl, G2, G3 including a first planetary gear set Gl, a 
20 second planetary gear set G2 and a third planetary gear set G3 for providing a plurality of 

power conductive paths to an area defined between the input portion INPUT and the 
output portion OUTPUT; and 

4) a first clutch CI, a second clutch C2, a third clutch C3, a first brake Bl and a 
second brake B2 to be selectively connected and disconnected in such a manner that the 

25 three planetary gear sets Gl, G2, G3 change a rotation from the input portion INPUT at a 
corresponding gear change ratio by selecting one of the plurality of the power conductive 
paths, thereby outputting the thus changed rotation to the output portion OUTPUT, the 
first clutch CI, the second clutch C2, the third clutch C3, the first brake Bl and the second 
brake B2 making a combination of engagement and disengagement, the combination 

30 making a selection from at least six forward gears 1ST, 2ND, 3RD, 4TH, 5TH, 6TH and 
one reverse gear REV. 
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One (namely, the first planetary gear set Gl) of the three planetary gear sets Gl, G2, 
G3 is a speed reduction planetary gear set Gl for continuously reducing the inputted 
rotation and outputting the thus reduced rotation. The speed reduction planetary gear set 
Gl includes a first sun gear SI which is continuously held stationary, a first ring gear Rl, 
5 a first pinion PI meshing with the first sun gear SI and the first ring gear Rl, and a first 
planetary carrier PCI for carrying the first pinion PI in such a manner that the first pinion 
PI rotates. 

One of the remaining two planetary gear sets G2, G3 of the three planetary gear sets 
Gl, G2, G3 is a single pinion planetary gear set G2, G2, G3 which includes; 

10 a second sun gear 82, a second pinion P2 meshing with the second sun gear S2, 

a second ring gear R2 meshing with the second pinion P2, and a second planetary carrier 
PC2 for carr>'ing the second pinion P2 in such a manner that the second pinion P2 rotates. 

The other of the remaining two planetary gear sets G2, G3 of the three planetary 
gear sets Gl, G2, G3 is a double sun gear planetary gear set G3 which includes; 

15 two sun gears including a third sun gear S3 and a fourth sun gear S4, a third 

pinion P3 meshing with the third sun gear S3 and the fourth sun gear S4 in common, a 
third ring gear R3 meshing with the third pinion P3, a third planetary carrier PC3 for 
carrying the third pinion P3 in such a maimer that the third pinion P3 rotates, and a center 
member CM connected to the third planetary carrier PC3 and extending radially inward 

20 from between the third sun gear S3 and the fourth sun gear S4. 

Disposed sequentially from the input portion INPUT (input shaft l)s' side are the 
speed reduction planetary gear set Gl, the single pinion planetary gear set G2 of the other 
of the remaining two planetary gear sets G2, G3 of the three planetary gear sets Gl, G2, 
G3, and the double sun gear planetary gear set G3. 

25 The input portion INPUT (input shaft 1) is connected to the first ring gear Rl and is 

adapted to be made connectable to the center member CM by the third clutch C3. 

The second sun gear S2 and the third sun gear S3 are connected mutually by a first 
connector member Ml, and are adapted to be made connectable to the first planetary 
carrier PCI by the second clutch C2. 

30 The second planetary carrier PC2 and the third ring gear R3 are mutually connected 

by a second connector member M2, and are connected to the output portion OUTPUT 
(output gear 2). 
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The first planetary carrier PCI and the second ring gear R2 are adapted to be 
connected by the first clutch CI. 

The third planetary carrier PCS is adapted to be held stationary by the first brake BL 
while the fourth sun gear S4 is adapted to be held stationary by the second brake B2. 
5 [0134] 

With the above constitution, the speed change gear according to the first 
embodiment may bring about the following effect (i) to effect (vi): 
[0135] 

(i) The two planetary gear sets including the first planetary gear set Gl and the second 
10 planetary gear set G2 constitute the speed change planetary gear set (the Ishimaru 
planetary gear train), which is advantageous for the reasons described above in terms of 
strength including the gear strength, gear life and the like of the speed change planetar>' 
gear set. 
[0136] 

15 (ii) Eliminating the torque circulation at the second gear may decrease the fuel 
consumption. 
[0137] 

(iii) Disposing the input shaft 1 and the output gear 2 substantially coaxially may reduce 
the transmission in size radially, 

20 [0138] 

(iv) The speed change planetary gear sets constituting the Ishimaru planetary gear train 
can make the strength requirement less stringent for the above reasons, thus making the 
speed change planetary gear sets smaller. In addition to the input shaft 1 and the output 
gear 2 disposed substantially coaxially, the smaller speed change planetary gear sets may 

25 contribute to making the automatic transmission smaller. 
[0139] 

(v) Compared with the Ravigneaux compound planetary gear train, the Ishimaru 
planetary gear train can increase the selectivity of the gear ratio for the above reasons, 
[0140] 

30 (vi) The first planetary gear set Gl (one in number) is the speed reduction planetary gear 
set for continuously reducing the input rotation with the first sun gear S 1 held stationar>' 
and has the first ring gear Rl having the large diameter and acting as the input element. 
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thus making the speed reduction planetary gear set smaller and further thus making the 

automatic transmission smaller. 

[0141] 

(B) Hereinafter described is more about the effect of the speed change gear according to 
5 the first embodiment: 

The combination of the speed reduction planetary gear set Gl, the single pinion 
planetary gear set G2 and the double pinion planetary gear set G3 constituting the speed 
change gear according to the first embodiment may allow the torque to flow at the first 
gear (causing the maximum torque) from the speed reduction planetary gear set Gl via the 

10 single pinion planetary gear set G2 and the double pinion planetary gear set G3, namely, 
via all members, which is advantageous in terms of strength. Instead of the sun gear input, 
the rotation members inputting the torque from the speed reduction planetary gear set Gl 
are the second ring gear R2 (of the single pinion planetary gear set G2) and the third ring 
gear R3 (of the double sun gear planetary gear set G3), thus substantially halving the 

15 tangent force, which is advantageous in terms of gear strength, gear life, carrier rigidity 
and the like, in other words, which maintains the feature (1) and the feature (2) brought 
about by the Simpson planetary gear train. 
[0142] 

(C) Moreover, the speed change gear according to the first embodiment has the 
20 following constitution: 

The torque from the speed reduction planetary gear set Gl is inputted to the second 
planetary gear set G2 and the third planetary gear set G3 for transmission. Of the above 
two speed change planetary gear sets, the third planetary gear set G3 is the double sun 
gear planetary gear set with the two sun gears including the third sun gear S3 and the 

25 fourth sun gear S4. Moreover, the center member CM connected to the third planetary 
carrier PC3 extends radially inward from between the third sun gear S3 and the fourth sun 
gear S4. With the above constitution, an area between the third planetary carrier PC3 (of 
the double sun gear planetary gear set G3) and the third clutch C3 (for inputting and 
outputting the rotation to the third planetary carrier PC3) can be cormected by the center 

30 member CM extending radially inward firom the third planetary carrier PC3 via between 
the third sun gear S3 and the fourth sun gear S4. 
[0143] 
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Thereby, in a state of transmitting the input rotation to the third planetary carrier 
PCS via the third clutch C3 for achieving the over drive 0/D, the above input rotation can 
be transmitted to the third planetary carrier PC3 via the center member CM between the 
third sun gear S3 and the fourth sun gear S4, without the need for disposing the input 
5 portion 1 and the output portion 2 substantially in parallel. In other words, the over drive 
O/D can be achieved by disposing the input portion 1 and the output portion 2 
substantially coaxially. In sum, the problem (3) and the problem (4) of the Simpson 
planetary gear train causing larger radial dimension can be solved. 
[0144] 

10 (D) In addition, using the double sun gear planetary gear set G3 according to the first 
embodiment of the present invention, instead of the Ravigneaux compound planetary gear 
train, may solve the problem (3) and the problem (4), without causing the following 
disadvantage: 

Disadvantage: The maximum torque of the gear train at the first gear may be bom 
15 by the double pinion planetary gear set on one side of the Ravigneaux compound 
planetary gear train, which is disadvantageous in terms of strength. 
[0145] 

(E) Using the Ravigneaux compound planetary gear train inputs the torque increased 
with the speed reduction planetary gear set to a small-diameter sun gear of the Ravigneaux 

20 compound planetary gear train, thus causing greater tangent force than those caused by the 
ring gear input or the carrier input, which is disadvantageous in terms of gear strength, 
gear life and carrier rigidity and the like. Contrary to the Ravigneaux compound planetary 
gear train, the double sun gear planetary gear set G3 according to the first embodiment of 
the present invention can be fee from the above disadvantages in terms of strength in 

25 solving the problem (3) and the problem (4). 
[0146] 

(F) Moreover, using the Ravigneaux compound planetary gear train may cause the 
torque circulation at the second gear, thus lowering transmission efficiency leading to 
increase in fiiel consumption. Contrary to this, the double sun gear planetary gear set G3 

30 according to the first embodiment of the present invention may be free firom the torque 
circulation, thus preventing the increase in fiiel consumption. 
[0147] 
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(G) Moreover, according the first embodiment of the present invention, the first 
planetary gear set Gl which is the speed reduction planetary gear set is a single pinion 
planetary gear set Gl, thus reducing gear noise and the number of component parts and 
improving the transmission efficiency leading to reduced fuel consumption. 
5 In addition, the speed change gear using the double sun gear planetary gear set G3 

according to the first embodiment can increase the selectivity of gear ratios, as compared 
with the Ravigneaux compound planetary gear train. 

[0148] 

10 Fig. 12 is a view of a developed cross section showing an actual constitution of the 

speed change gear in Fig. 1 to Fig. 6, according to the first embodiment of the present 
invention. Hereinafter described is the actual constitution of the speed change gear 
referring to Fig. 12 showing the input portion 1 and the output portion 2 reversed relative 
to those shown by the skeleton diagrams in Fig. 1, Fig. 4, Fig. 5 and Fig. 6. 

15 [0149] 

The input shaft 1 and a middle shaft 4 are disposed sidewise in Fig. 12 substantially 
coaxially in the transmission case 3, in such a manner as to mate and rotate relative to 
each other. In sum, the input shaft 1 and the middle shaft 4 are individually bom in the 
transmission case 3 in such a manner as to rotate relative to the transmission case 3. 
20 [0150] 

The transmission case 3 has a front end opening (right in Fig. 12) closer to the input 
shaft 1 , which opening is blocked with a pump case having a pump housing 5 and a pump 
cover 6. The input shaft 1 is inserted to the pump case to be bom by the pump case. An 
engine (not shown) is drivingly connected to a protrusion end of the input shaft 1 via a 
25 torque converter (not shown). 
[0151] 

The middle shaft 4 has a rear end (farther side fi-om the input shaft 1 in Fig. 12) 
which is rotatably bom with an end cover 7 at a rear end (left in Fig. 12) of the 
transmission case 3. 
30 [0152] 

There is provided a middle wall 8 substantially in the middle in an axial direction of 
the transmission case 3. The output gear 2 is rotatably bom by the middle wall 8. The 
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input shaft 1 and the middle shaft 4 define a mating portion which is rotatably bom by a 

wall defining a center opening of the middle wall 8 via a hollow shaft 9. 

[0153] 

Between the pump case (including the pump housing 5 and the pump cover 6) and 
5 the middle wall 8, there is defined a firont space (right in Fig. 12). The first planetary gear 
set Gl is disposed in the fi-ont space (right in Fig. 12). The third clutch C3 is also disposed 
in the fi-ont space (right in Fig. 12) in such a manner as to wrap the first planetary gear set 
Gl. 
[0154] 

10 In view of the first planetary gear set Gl, the first sun gear SI held stationary to the 

pump cover 6 is continuously incapable of rotating. Moreover, in view of the first 
planetary gear set Gl, the first ring gear Rl connects to a flange 10 extending radially 
outward fi'om the input shaft 1 . 
[0155] 

15 There is provided a clutch drum 11 extending radially outward from a front end 

(right in Fig, 12, namely, closer to the input shaft 1) of the middle shaft 4 in such a manner 
as to wrap the first ring gear Rl, moreover, there is provided a clutch pack 12 having 
clutch plates which are splined respectively with an inner periphery of the clutch drum 1 1 
and an outer periphery of the first ring gear Rl in such a manner as to be disposed 

20 altematingly, thus constituting the third clutch C3. 
[0156] 

Hereinabove, the third clutch C3 has a clutch piston 13 which mates with an end 
wall (facing the first planetary gear set Gl) of the clutch drum 11. Receiving an operation 
oil pressure applied from an operation oil duct 14 (formed in the pump cover 6, the input 
25 shaft 1 and the middle shaft 4) to the clutch piston 13, the clutch piston 13 may make a 
stroke, thus engaging the third clutch C3. 
[0157] 

There is provided a connector member 9a extending radially outward from the front 
end (right in Fig. 12) of the hollow shaft 9, and then is shaped substantially into a drum in 
30 such a manner as to wrap the third clutch C3. Moreover, the connector member 9a has a 
front end (right in Fig. 12) connecting to the first planetary carrier PCI. 
[0158] 
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Between the middle wall 8 and the end cover 7, there is defined a rear space (left in 
Fig. 12). The second planetary gear set G2, the third planetary gear set G3, the first clutch 
CI, the second clutch C2, the first brake Bl, and the second brake B2 are disposed in the 
rear space (left in Fig. 12) in the following manner: 
5 [0159] 

The second planetary gear set G2 and the third planetary gear set G3 are disposed on 
the middle shaft 4. In this case, however, the second planetary gear set G2 is disposed 
nearer to the input shaft 1 than the third planetary gear set G3. 
[0160] 

10 The first connector member Ml integrates the second sun gear S2 of the second 

planetary gear set G2 with the third sun gear S3 of the third planetary gear set G3. The 
thus integrated sun gear S2 and the third sun gear S3 are rotatably bom on the middle shaft 
4. 

[0161] 

15 From substantially a center of the hollow shaft 9, there is provided a clutch drum 15 

extending radially outward and then extending axially rearward (leftward in Fig. 12) to an 
outer periphery of the second ring gear R2, moreover, there is provided a clutch pack 16 
having clutch plates which are splined respectively with an inner periphery of the clutch 
drum 15 and an outer periphery of the second ring gear R2 in such a manner as to be 

20 disposed altematingly, thus constituting the first clutch CL 
[0162] 

As described above, the second clutch C2 is disposed nearer to the input shaft 1 than 
the first clutch CI which is disposed on the outer periphery of the second planetary gear 
G2. With the above constitution, there is provided a clutch hub 17 fixed to the outer end of 

25 the second sun gear S2 (on the input shaft I's side of the second sun gear S2) and 
extending radially outward, moreover, there is provided a clutch pack 18 having clutch 
plates which are splined respectively with an outer periphery of the clutch hub 1 7 and an 
inner periphery of the clutch drum 15 in such a manner as to be disposed altematingly, 
thus constituting the second clutch C2. 

30 [0163] 

Hereinabove, as a double piston with the clutch piston 20 sliding inside the clutch 
piston 19, the clutch piston 19 of the first clutch CI and the clutch piston 20 of the second 
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clutch C2 are in combination disposed on the second clutch C2's side away from the first 
clutch CI. With the above constitution, the clutch piston 20 may mate with the end wall 
(right in Fig. 12, and facing the second planetary gear set G2) of the clutch drum 15. 
[0164] 

5 Receiving an operation oil pressure applied from operation oil ducts 21 formed 

individually in the middle wall 8 and the hollow shaft 9 (shown in Fig. 12 is one operation 
oil duct 21 only), the clutch piston 19 and the clutch piston 20 may make a stroke, thus 

engaging the first clutch CI and the second clutch 20 individually. 
[0165] 

10 As described above, the third planetary gear set G3 is the double sun gear planetary 

gear set. The third ring gear R3 is smaller in tooth width than the third pinion P3. With 
this, the third ring gear R3 may mesh with the third pinion P3 at an end portion near to the 
second planetary gear set G2, thus shortening the second connector member M2 for 
connecting the third ring gear R3 to the second planetary carrier PC2 of the second 

15 planetary gear set G2. 
[0166] 

Around an outer periphery of the third ring gear R3, there is provided a tubular 
connector member 22 disposed in such a manner as to wrap the clutch drum 15 of the first 
clutch CI and the second clutch C2. The tubular connector member 22 has a first end (left 
20 in Fig. 12) connecting to the outer periphery of the third ring gear R3 and a second end 
(right in Fig. 12) connecting to the output gear 2. 
[0167] 

The third planetary carrier PC3 of the third planetary gear set G3 is fitted with the 
center member CM which connects to a side member SM bearing the third pinion P3 and 

25 which extends radially inward via between the third sun gear S3 and the fourth sun gear 
S4. Moreover, substantially in an axial center of the third pinion P3, the third planetary 
carrier PC3 of the third planetary gear set G3 is fitted with the outer member OM 
extending radially outward substantially along an end face (left in Fig. 12) of the third ring 
gear R3. 

30 [0168] 
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The center member CM is drivably comiected to the middle shaft 4, thus comiecting 
the third planetary carrier PCS to the clutch drum 1 1 of the third clutch C3 via the center 
member CM and the middle shaft 4. 
[0169] 

5 The outer member OM has an outer periphery connecting to a brake hub 23. Being 

disposed around an outer periphery of the tubular connector member 22, the brake hub 23 
extends frontward (rightward in Fig. 12) toward the middle wall 8. 
[0170] 

There is provided a brake pack 24 having brake plates which are splined 
10 respectively with an outer periphery at a front end (right in Fig. 12) of the brake hub 23 
and an inner periphery of the transmission case 3 in such a maimer as to be disposed 
altematingly, thus constituting the first brake Bl. The first brake Bl is adapted to be 
engaged by a brake piston 25 which mates in the transmission case 3 in a rearward 
position (left in Fig. 12) of the brake pack 24. 
15 [0171] 

There is provided a brake hub 26 disposed in such a maimer as to cover the rear end 
(left in Fig. 12) of the brake hub 23. The brake hub 26 has a rear end wall 26a extending 
circumferentially inward substantially along a back portion of the third planetary gear set 
G3, moreover, an inner periphery of the rear end wall 26a of the brake hub 26 connects to 
20 the fourth sun gear S4 of the third planetary gear set G3, thus constituting a first rotation 
member. 
[0172] 

There is provided a brake pack 27 having brake plates which are splined 
respectively with an outer periphery of the brake hub 26 and the inner periphery of the 
25 transmission case 3, thus constituting the second brake B2. The second brake B2 is 
adapted to be engaged by a brake piston 28 which mates in the transmission case 3 in a 
rearward position (left in Fig. 12) of the brake pack 27. 
[0173] 

The above summarizes that each of the first brake B 1 and the second brake B2 is 
30 disposed outside the first clutch CI and the second clutch C2. Moreover, the first brake Bl 
is disposed nearer to the input shaft 1 (or the first planetary gear set Gl) than the second 
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brake B2. The first brake Bl and the second brake B2 are, however, disposed nearer to the 

second planetary gear set G2 than the third planetary gear set G3. 

[0174] 

Although being omitted from the skeleton diagrams in Fig. 1 , Fig. 4, Fig. 5 and Fig. 
5 6, a one way clutch OWC is disposed between the front end (of the brake hub 23 
constituting the first brake Bl) and the transmission case 3. In a disengagement state of 
the first brake Bl, the one way clutch OWC may prevent one way rotation of the third 
planetary carrier PC3, thus achieving the first gear. 
[0175] 

10 At the above first gear achieved by the one way clutch OWC, however, the OWC 

may allow a reverse rotation of the third planetary carrier PC3, thus rendering the engine 
brake unobtainable. Therefore, in case the engine brake is requested, the first brake Bl is 
engaged so as to prevent the reverse rotation of the third planetary carrier PC3. 
[0176] 

15 Moreover, a counter shaft 29 extending substantially in parallel to the input shaft 1 

and the middle shaft 4 is rotatably bom in the transmission case 3. A counter gear 30 and a 
final drive pinion 31 are integrated with the counter shaft 29. The counter gear 30 may 
mesh with the output gear 2 while the final drive pinion 3 1 may mesh with the differential 
gear device (not shown in Fig. 12) between vehicle's drive wheels. 

20 [0177] 

Other than the above first rotation member, there are provided the following rotation 
members, according to the first embodiment: 

* A second rotation member including the second sun gear S2, the third sun gear 
S3, the first connector member Ml and the clutch hub 17. 

25 * A third rotation member including the second cormector member M2, the 

second planetary carrier PC2, the third ring gear R3 (which two are connected with each 
other via the second connector member M2), and the tubular connector member 22. 

* A fourth rotation member including the third planetary carrier PC3, the center 
member CM, the middle shaft 4, the clutch drum 11, the outer member OM, and the brake 

30 hub 23. 

* A fifth rotation member including the second ring gear R2. 
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[0178] 

With the above constitution shown in Fig. 12, the speed change gear according to 
the first embodiment of the present invention is the combination of three planetary gear 
sets (namely, the first planetary gear set Gl, the second planetary gear set G2, and the 
5 third planetary gear set G3), the first rotation member, the second rotation member, the 
third rotation member, the fourth rotation member and the fifth rotation member, thus 
bringing about the following effects, in addition to the above effect (A) to effect (G): 
[0179] 
(Effect) 

10 Of the double sun gear planetary gear set G3 and the single pinion planetary gear set 

G2, it is the single pinion planetary gear set G2 that relates to both the second rotation 
member and the fifth rotation member. In other words, it is the single pinion planetary 
gear set G2 to which the reduced rotation is inputted from the speed reduction planetary 
gear set Gl via the first clutch CI and the second clutch C2, and the single pinion 

1 5 planetary gear set G2 is disposed on the nearer side to the speed reduction planetary gear 
set Gl than the double sun gear planetary gear set G3. With the above constitution, the 
power conductive path can be shortened that includes the first clutch CI and the second 
clutch C for transmitting the great torque rotation (reduced with the speed reduction 
planetary gear set Gl) to the single pinion planetary gear set G2. The thus shortened 

20 power conductive path may contribute to smaller size of the component parts for the 
power transmission and may facilitate handling and mounting of the component parts, thus 
making the automatic transmission smaller. 
[0180] 

The above effect can be more remarkable when the first clutch CI and the second 
25 clutch C2 are disposed in the vicinity of the single pinion planetary gear set G2, especially, 
on the outer periphery of the single pinion planetary gear set G2, as is seen in Fig. 12. In 
addition, the clutch piston 19 of the first clutch CI and the clutch piston 20 of the second 
clutch C2 can be made into the double piston constitution as is seen in Fig. 12, thus saving 
the space therefor and thus making the speed change gear still smaller. 
30 [0181] 
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Moreover, the speed reduction planetary gear set Gl, the single pinion planetary- 
gear set G2, and the double sun gear planetary gear set G3 which are disposed sequentially 
from the input shaft 1 's side may bring about the following effect: 
[0182] 
5 (Effect) 

The double sun gear planetary gear set G3 disposed at the rear end (remotest from 
the input shaft 1) has the outer periphery with great layout freedom (or flexibility) in the 
axial direction of the third ring gear R3, thus allowing the third ring gear R3 to be 
disposed on the input shaft 1 's side for meshing with the third pinion P3, as is seen in Fig. 

10 12. Moreover, the outer member OM connecting the third planetary carrier PC3 (of the 
double sun gear planetary gear set G3) to the first brake Bl (brake hub 23) extends, 
substantially in the axial center of the third pinion P3, radially outward from the third 
planetary carrier PC3 in such a manner as to run substantially along the end face of the 
third ring gear R3 which is moved toward (forward, namely, rightward in Fig. 12) the 

15 single pinion planetary gear set G2 for meshing with the third pinion P3. With the above 
constitution, the third ring gear R3 and the outer member OM allow the end cover 7 for 
the transmission case 3 in the vicinity of the rear end outer periphery of the double sun 
gear planetary gear set G3 to be dented radially inward, as is seen in Fig. 12. 
[0183] 

20 The speed change gear in Fig. 12 may occasionally be mounted sidewise in the 

engine room of the vehicle. In this case, the end outer periphery (the end cover 7) on the 
remote side from the input shaft 1 can be small in diameter, thus causing substantially no 
interference with body members protruding (bulging) in the engine room. In other words, 
in addition to the advantages described in connection with Fig. 1, Fig. 4, Fig. 5 and Fig. 6, 

25 the speed change gear in Fig. 12 is advantageous in terms of mounting and layout in the 
vehicle. 
[0184] 

Moreover, the third ring gear R3 and the outer member OM disposed in the above 
manner can bring about an ample space in the vicinity of the rear end outer periphery of 
30 the third planetary gear set G3, thus allowing the rear end wall 26a (connecting the fourth 
sun gear S4 to the second brake B2 which holds stationary the fourth sun gear S4) of the 
brake hub 26 to be bendable into the space. The thus bent rear end wall 26a can allow the 
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end cover 7 for the transmission case 3 in the vicinity of the rear end outer periphery of 
the double sun gear planetary gear set G3 to be assuredly dented radially inward, as is seen 
in Fig. 12. 
[0185] 

5 Moreover, with the above disposition of the first clutch CI, the second clutch C2 

and the third clutch C3 in Fig. 12, the first clutch CI and the second clutch C2 can 
approach the input shaft 1 , thus fiirther (or more extensively) denting radially inward the 
end cover 7 for the transmission case 3 in the vicinity of the rear end outer periphery of 
the double sun gear planetary gear set G3. Thereby, the speed change gear disposed 
10 sidewise in the engine room can have more remarkable effect in terms of mounting and 
layout. 
[0186] 

Moreover, having the above disposition in Fig. 12, the first clutch CI and the second 
clutch C2 can approach the speed reduction planetary gear set Gl, thus shortening the 
15 members (the middle shaft 9 and the clutch drum 15) connecting the first clutch CI and 
the second clutch C2 with the speed reduction planetary gear set Gl. In other words, the 
members (the middle shaft 9 and the clutch drum 15) can be made shorter, smaller, lighter 
and simpler. 
[0187] 

20 Moreover, disposing the first clutch CI and the second clutch C2 sidewise allows 

the double piston constitution, namely, the clutch piston 19 and the clutch piston 20, 
respectively. In addition to the double piston constitution, disposing the first clutch CI and 
the second clutch C2 sidewise allows a return spring and a centrifugal pressure 
cancellation chamber to be used in common for the clutch piston 19 and the clutch piston 

25 20, thus reducing the number of component parts and reducing size and cost of the speed 
change gear. 
[0188] 

In addition to disposing the first clutch CI and the second clutch C2 as described 
above, the respective clutch piston 1 9 and clutch piston 20 on the single pinion planetary 
30 gear set G2 are disposed on the farther side from the double sun gear planetary gear set G3. 
With the above constitution, the clutch piston 19 of the first clutch CI and the clutch 
piston 20 of the second clutch C2 are free firom being disposed on the outer periphery of 
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the double sun gear planetary gear set G3. With this, the end cover 7 for the transmission 
case 3 in the vicinity of the rear end outer periphery of the double sun gear planetary gear 
set G3 may be dented radially inward, thus further improving the mounting and layout 
with the speed change gear disposed sidewise in the engine room. 
5 [0189] 

Moreover, being disposed on the outer periphery of the speed reduction planetary 
gear set Gl, the third clutch C3 for inputting the rotation of the input shaft 1 directly to the 
third planetary carrier PC3 of the double sun gear planetary gear set G3 is closer to the 
input shaft 1 than the first clutch CI and the second clutch C2. With the above constitution, 

1 0 the end cover 7 for the transmission case 3 in the vicinity of the rear end outer peripher>' 
of the double sun gear planetary gear set G3 can be dented radially inward, thus securely 
improving the mounting and layout with the speed change gear disposed sidewise in the 
engine room. In addition, with the above constitution, the operation oil duct 14 and the 
operation oil duct 21 of the first clutch CI, the second clutch C2 and the third clutch C3 

15 can be handled more easily and difference in length between the operation oil duct 14 and 
the operation oil duct 21 can be reduced, thus improving controllability of the first clutch 
CI, the second clutch C2 and the third clutch C3 and thus achieving substantially a 
uniform transmission response of the first clutch CI, the second clutch C2 and the third 
clutch C3. 

20 [0190] 

Moreover, the clutch piston 13 (of the third clutch C3) disposed on the speed 
reduction planetary gear set Gl is on the closer side to the single pinion planetary gear set 
G2. With the above constitution, the clutch piston 13 of the third clutch C3 can be 
disposed in the vicinity of the clutch piston 19 of the first clutch CI and the clutch piston 

25 20 of the second piston C2 in such a manner as to tum the clutch piston 13's back to backs 
of the clutch piston 19 and the clutch piston 20. With the above constitution, the operation 
oil duct 14 and the operation oil duct 21 of the first clutch CI, the second clutch C2 and 
the third clutch C3 can be handled more easily and the difference in length between the 
operation oil duct 14 and the operation oil duct 21 can be reduced, thus improving the 

30 controllability of the first clutch CI, the second clutch C2, and the third clutch C3 and thus 
achieving substantially the uniform transmission response of the first clutch CI, the 
second clutch C2 and the third clutch C3 with greater assuredness. 
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[0191] 

Between the speed reduction planetary gear set Gl and the single pinion planetary 
gear set G2, the operation oil duct 21 of the first clutch CI and the second clutch C2 is 
formed in the middle wall 8 which is an output gear bearing wall disposed in the 
5 transmission case 3. With the above constitution, the operation oil duct 21 can be 
shortened which is to extend between the first clutch CI and the control valve body (not 
shown) and between the second clutch C2 and the control valve (not shown). Hereinabove, 
the control body (not shown) for transmission control is to be disposed in a given position 
in the circumferential direction of the transmission case 3. Moreover, with the above 

10 constitution, the operation oil duct 21 can be substantially equal in length, thus achieving 
substantially the uniform transmission response of the first clutch CI and the second 
clutch C2. Even in a condition that a relatively high hydraulic pressure is requested due to 
a great transmission torque, the operation oil duct 21 of the first clutch CI and the second 
clutch C2 can be free fi'om a reinforcing sleeve and the like since the operation oil duct 21 

15 is formed in the middle wall 8 that is relatively thick for bearing the output gear 2. In sum, 
forming the operation oil duct 21 directly in the middle wall 8 can prevent increase in the 
number of component parts and prevent higher cost- 
[0192] 

The first brake Bl for holding stationary the third planetary carrier PC3 is connected 
20 to the third planetary carrier PC3 via the outer member OM which is taken out firom the 
rear side (left in Fig. 12) of the double sun gear planetary gear set G3 which rear side (left 
in Fig. 12) is farthest away from the speed reduction planetary gear set Gl, while the 
second brake B2 for holding stationary the fourth sun gear S4 is connected to the fourth 
sun gear S4 via the rear end wall 26a which is taken out from the rear side (left in Fig. 12) 
25 of the double sun gear planetary gear set G3 which rear side (left in Fig. 12) is farthest 
away from the speed reduction planetary gear set Gl. With the above constitution, the 
brake force conductive path can be simplified and shortened in relation to the disposition 
of the first clutch CI and the second clutch C2, thus preferably increasing braking 
efficiency and making the speed change gear smaller. 
30 [0193] 

Moreover, as is seen in Fig. 12, the first brake Bl and the second brake 12 are 
preferably disposed on the outer periphery of the first clutch CI and the second clutch C2. 
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With the above constitution, the outer member OM and the rear end wall 26a can be 
disposed on the rear side (left in Fig. 12) of the double sim gear planetary gear set G3 
which rear side (left in Fig. 12) is farthest away fi-om the speed reduction planetary gear 
set Gl, thus securing with ease the space for the outer member OM and the rear end wall 
5 26a. In addition, the above constitution may bring about the following effect: 
[0194] 

Effect: A brake disposed substantially along the inner periphery of the 
transmission case 3 ordinarily makes the transmission case 3 large in diameter. Contrary 
to the above, the first brake Bl and the second brake B2 in the above constitution with the 

10 first clutch CI and the second clutch C2 disposed relatively forward (rightward in Fig, 12) 
in the transmission case 3 can be disposed relatively forward (rightward in Fig. 12) in the 
transmission case 3, thus making the rear end (left in Fig. 12) of the transmission case 3 
smaller in diameter and improving the mounting and layout of the speed change gear 
(disposed sidewise in the engine room). Moreover, this can substantially equalize the 

15 operation oil ducts (of the first brake Bl and the second brake B2) in length, thus 
achieving substantially a uniform transmission response of the first brake Bl and the 
second brake B2. 
[0195] 

The first brake Bl for holding stationary the third planetary carrier PC3 of the 
20 double sun gear planetary gear set G3 is disposed nearer to the speed reduction planetary 
gear set Gl than the second brake B2 for holding stationary the fourth sun gear S4 of the 
double sun gear planetary gear set G3. Hereinabove, the fourth sun gear S4 is disposed on 
the farther side from the single pinion planetary gear set G2. The third planetary carrier 
PC3 (of the double sun gear planetary gear set G3) to be held stationary by the first brake 
25 Bl, the outer member OM (connector member) for connecting the third planetary carrier 
PC3 to the first brake Bl, the fourth sun gear S4 (of the double sun gear planetary gear set 
G3) disposed on the farther side from the single pinion planetary gear set G2 and to be 
held stationary by the second brake B2, and the rear end wall 26a (connector member) for 
connecting the fourth sun gear S4 to the second brake B2 are to extend on the double sim 
30 bear planetary gear set G3 in such a manner as to be disposed away fi-om the input shaft 1 . 
With the above constitution, handling and mounting the outer member OM and the rear 
end wall 26a may be eased in relation to the disposition of the third planetary carrier PC3 
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and the fourth sun gear S4, moreover, the outer member OM (connector member) and the 
rear end wall 26a (connector member) shortened can contribute to cost reduction and 
improvement of rigidity and space efficiency. 
[0196] 

5 The operation oil duct 21 of the first clutch CI and the second clutch C2 is formed 

in the middle wall 8 for bearing the output gear 2, while the operation oil duct 14 of the 
third clutch C3 is formed in the pump cover 6. With the above constitution, all the 
operation oil duct 21 and the operation oil duct 14 can concentrate at the front portion 
(right in Fig. 12) of the transmission case 3 for a preferable (smooth) flow of the operation 
10 oil from the control valve body (not shown), thus eliminating redundant transmission 
control circuit. 

[0197] 

<Second embodiment> 
15 [0198] 

Fig. 13 shows a typical skeleton diagram of the speed change gear for the automatic 
transmission, according to a second embodiment of the present invention. Parts and 
sections substantially the same as those in Fig. 1 according to the first embodiment are 
denoted by the same numerals, and repeated descriptions are to be omitted. 
20 [0199] 

The speed change gear (referred to as "speed reduction double pinion type") for the 
automatic transmission according to the second embodiment is so constituted that the first 
planetary gear set Gl (speed reduction double pinion), the second planetary gear set G2 
(single pinion), and the third planetary gear set G3 (double sun gear) are sequentially and 
25 substantially coaxially arranged from the left end (an end close to the input portion INPUT 
[input shaft 1]), as is seen in Fig. 13. 
[0200] 

The second planetary gear set G2 and the third planetary gear set G3 in Fig. 13 
according to the second embodiment are substantially the same as those in Fig. 1 
30 according to the first embodiment, thus constituting the Ishimaru planetary gear train 
(speed change planetary gear set), 
[0201] 
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Replacing its counterpart (speed reduction, single pinion) in Fig. 1, the first 
planetary gear set Gl (speed reduction double pinion) in Fig. 13 has the first sun gear SI, 
the first ring gear Rl, a first primary pinion Pla meshing with the first sun gear SI, a first 
secondary pinion Plb meshing with the first ring gear Rl, and the first planetary carrier 
5 PCI for carrying the first primary pinion Pla and the first secondary pinion Plb in such a 
manner that the first primary pinion Pla and the first secondary pinion Plb can rotate, thus 
constituting the double pinion planetary gear set. 
[0202] 

With the above constitution of the speed change gear for the automatic transmission 
10 according to the second embodiment, the input shaft 1 is connected to the first planetary 
carrier PCI for inputting the engine speed, the first sun gear SI is held continuously 
stationary to the transmission case 3, the first ring gear Rl is adapted to be connected to 
the second ring gear R2 via the first clutch CI, and the first ring gear Rl is adapted to be 
connected to the second sun gear S2 via the second clutch C2. 
15 [0203] 

Other than those described above, the speed change gear for the automatic 
transmission according to the second embodiment in Fig. 13 is substantially the same as 
its counterpart according to the first embodiment in Fig. 1. Therefore, the parts and 
sections substantially the same as those in Fig. 1 according to the first embodiment are 
20 denoted by the same numerals, and repeated descriptions are to be omitted. 
[0204] 

With the speed change gear according to the second embodiment having the above 
constitution, engaging and disengaging the first clutch CI, the second clutch C2, the third 
clutch C3, the first brake Bl, and the second brake B2 referring to combinations shovra in 
25 Fig. 2 (the circle stands for engagement while the blank stands for disengagement) can 
select corresponding gear shifts (six forward gears and one reverse gear). 
[0205] 

Hereinafter described is the transmission operation of the above speed change gear 
according to the second embodiment, referring to Fig. 14 to Fig. 17. 
30 [0206] 

Fig. 1 4 is a conmion line diagram showing a rotation state at each gear shift of the 
rotation member of the speed change gear, according to the second embodiment. 
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[0207] 

Fig. 15 to Fig. 17 show torque flow paths at each gear shift of the speed change gear. 
[0208] 

In Fig. 14, a boldest line is a common line diagram of the first planetary gear set Gl, 
5 while a second boldest line is a common line diagram of the speed change planetary gear 
set including the second planetary gear set G2 and the third planetary gear set G3 (the 
Ishimaru planetary gear train). 
[0209] 

In Fig. 15 to Fig. 17, the torque flow paths of the clutch, the brake and the member 
1 0 are shown with a bold line, and the gear used for the torque flow is hatched. 

[0210] 
(First gear) 

As is seen in Fig. 2, engaging the first clutch CI and the first brake Bl may achieve 
1 5 the forward first gear. 
[0211] 

At the first gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input a reduced rotation jfrom the first planetary gear set Gl to the second 
ring gear R2. 
20 [0212] 

On the other hand, in view of the third planetary gear set G3, engaging the first 
brake Bl may hold stationary the third planetary carrier PCS to the transmission case 3, 
thus rotation of the third sun gear S3 is reversed and reduced relative to an output rotation 
from the third ring gear R3. The rotation of the third sun gear S3 is transmitted to the 
25 second sun gear S2 of the second planetary gear set G2 via the first connector member 
Ml. 
[0213] 

In view of the second planetary gear set G2, a forward reduced rotation is inputted 
from the second ring gear R2 while the reverse reduced rotation is inputted from the 
30 second sun gear S2, thus further reducing the rotation from the second ring gear R2. The 
thus further reduced rotation is to be outputted from the second planetary carrier PC2 to 
the output gear 2 via the second connector member M2. 
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[0214] 

Summarizing the above, at the first gear, the common line diagram in Fig. 14 
defines a line connecting an engagement point of the first clutch CI (rendering the 
reduced rotation firom the first planetary gear set Gl as the input rotation to the second 
5 ring gear R2) and an engagement point of the first brake Bl (braking the rotation of the 
third planetary carrier PC3), thus reducing the rotation inputted from the input shaft 1 and 
thereafter outputting the thus reduced rotation from the output gear 2. 
[0215] 

Fig. 15(a) shows the torque flow paths at the first gear, with the first clutch CI, the 
10 first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
(excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 
[0216] 

15 In other words, at the first gear, the first planetary gear set Gl and the Ishimaru 

planetary gear train (including the second planetary gear set G2 and the third planetary 
gear set G3) may contribute to the torque flow. 

[0217] 
20 (Second gear) 

As is seen in Fig. 2, disengaging the first brake Bl (which is engaged at the first 
gear) while engaging the second brake B2, namely, engaging the first clutch CI and the 
second brake B2 may achieve the forward second gear. 
[0218] 

25 At the second gear, in view of the second planetary gear set G2, engaging the first 

clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. 
[0219] 

On the other hand, in view of the third planetary gear set G3, engaging the second 
30 brake B2 may hold stationary the fourth sim gear S4 to the transmission case 3, thus 
holding stationary the third sun gear S3 which is connected to the fourth sun gear S4 by 
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the third pinion P3. Then, the second sun gear S2 connected to the third sun gear S3 via 
the first connector member Ml may be held stationary to the transmission case 3. 
[0220] 

In view of the second planetary gear set G2, the forward reduced rotation is inputted 
5 from the second ring gear R2 while the second sun gear S2 is held stationary, thus further 
reducing the reduced rotation from the second ring gear R2. The thus further reduced 
rotation is to be outputted from the second planetary carrier PC2 to the output gear 2 via 
the second connector member M2. 
[0221] 

10 Summarizing the above, at the second gear, the common line diagram in Fig. 14 

defines a line connecting the engagement point of the first clutch CI (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the second 
ring gear R2) and an engagement point of the second brake B2 (braking the rotation of the 
fourth sun gear S4), thus reducing the rotation inputted from the input shaft 1 (the second 

15 gear is, however, higher than the first gear) and thereafter outputting the thus reduced 
rotation from the output gear 2. 
[0222] 

Fig. 15(b) shows the torque flow paths at the second gear, with the first clutch CI, 
the second brake B2 and each of the members indicated by the bold line and with the first 
20 planetary gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 
[0223] 

In view of the third planetary gear set G3, the third pinion P3 free of constraint may 
revolve around the stationary sun gear S3 and the stationary sun gear S4 in accordance 
25 with the output rotation of the third ring gear R3. In sum, although acting as a rotation 
member, the third planetary gear set G3 may make substantially no contribution to the 
torque flow. 
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[0224] 
(Third gear) 
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As is seen in Fig. 2, disengaging the second brake B2 (which is engaged at the 
second gear) while engaging the second clutch C2, namely, engaging the first clutch CI 
and the second clutch C2 may achieve the forward third gear. 
[0225] 

5 At the third gear, in view of the second planetary gear set G2, engaging the first 

clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. Substantially simultaneously with this, engaging the second clutch C2 may 
input the reduced rotation from the first planetary gear set Gl to the second sun gear S2 of 
the second planetary gear set G2. 
10 [0226] 

In view of the second planetary gear set G2, substantially the same reduced rotation 
is inputted to the second ring gear R2 and the second sun gear S2, thus outputting the 
reduced rotation (substantially the same as the reduced rotation from the first planetary 
gear set Gl) to the output gear 2 via the second planetary carrier PC2 (rotating integrally 
15 with the second ring gear R2 and the second sun gear S2) and the second connector 
member M2. 
[0227] 

Summarizing the above, at the third gear, the common line diagram in Fig. 14 
defines a line connecting the engagement point of the first clutch CI (rendering the 

20 reduced rotation from the first planetary gear set Gl as the input rotation to the second 
ring gear R2) and an engagement point of the second clutch C2 (rendering the reduced 
rotation from the first planetary gear set Gl as the input rotation to the second sun gear 
S2), thus reducing the rotation inputted from the input shaft 1 (with a reduction ratio equal 
to that of the first planetary gear set Gl) and thereafter outputting the thus reduced rotation 

25 from the output gear 2. 
[0228] 

Fig. 15(c) shows the torque flow paths at the third gear, with the first clutch CI, the 
second clutch C2 and each of the members indicated by the bold line and with the first 
planetar>' gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
30 line and the hatching teach that the torque is operated. 
[0229] 
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Hereinabove, the third planetary gear set G3 may make substantially no contribution 
to the torque flow. 

[0230] 
5 (Fourth gear) 

As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the third 
gear) while engaging the third clutch C3, namely, engaging the first clutch CI and the 
third clutch C3 may achieve the forward fourth gear. 
[0231] 

10 At the fourth gear, in view of the second planetary gear set G2, engaging the first 

clutch CI may input the reduced rotation fi-om the first planetary gear set Gl to the second 
ring gear R2. 
[0232] 

On the other hand, in view of the third planetary gear set G3, engaging the third 
1 5 clutch C3 may input the input rotation from the input shaft 1 to the third planetary carrier 
PC3 via the center member CM. Thereby, the rotation of the third sun gear S3 is more 
increased than the output rotation of the third ring gear R3. The thus increased rotation of 
the third sun gear S3 may be transmitted to the second sim gear S2 via the first connector 
member Ml. 
20 [0233] 

In view of the second planetary gear set 02, the reduced rotation is inputted from the 
second ring gear R2 while the increased rotation is inputted from the second sun gear S2, 
thus increasing the reduced rotation from the second ring gear R2 (although lower than the 
input rotation). The thus increased rotation is to be outputted from the second planetary 
25 carrier PC2 to the output gear 2 via the second connector member M2. 
[0234] 

Summarizing the above, at the fourth gear, the common line diagram in Fig. 14 
defines a line connecting the engagement point of the first clutch CI (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the second 
30 ring gear R2) and an engagement point of the third clutch C3 (rendering the rotation of the 
third planetary carrier PC3 as the input rotation), thus slightly reducing the rotation 
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inputted from the input shaft 1 and thereafter outputting the thus slightly reduced rotation 

firom the output gear 2. 

[0235] 

Fig. 16(a) shows the torque flow paths at the fourth gear, with the first clutch CI, the 
5 third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
(excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 

10 [0236] 

(Fifth gear) 

As is seen in Fig. 2, disengaging the first clutch CI (which is engaged at the fourth 
gear) while engaging the second clutch C2, namely, engaging the second clutch C2 and 
the third clutch C3 may achieve the forward fifth gear. 
15 [0237] 

At the fifth gear, engaging the second clutch C2 may input the reduced rotation from 
the first planetary gear set Gl to the third sun gear S3 via the second sun gear S2 and the 
first connector member Ml. Substantially simultaneously with this, engaging the third 
clutch C3 may input the input rotation from the input shaft 1 to the third planetary carrier 
20 PC3 via the center member CM. 
[0238] 

In view of the third planetary gear set G3, the input rotation is inputted to the third 
planetary carrier PC3 while the reduced rotation fi-om the first planetary gear set Gl is 
inputted to the third sun gear S3, thus increasing the input rotation. The thus increased 
25 rotation (higher than the input rotation) is to be outputted firom the third ring gear R3 to 
the output gear 2 via the second connector member M2. 
[0239] 

Summarizing the above, at the fifth gear, the common line diagram in Fig. 14 
defines a line connecting the engagement point of the second clutch C2 (rendering the 
30 reduced rotation from the first planetary gear set Gl as the input rotation to the third sun 
gear S3) and an engagement point of the third clutch C3 (rendering the rotation of the 
third planetary carrier PC3 as the input rotation), thus slightly increasing the rotation 
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inputted from the input shaft 1 and thereafter outputting the thus slightly increased rotation 

from the output gear 2. 

[0240] 

Fig. 16(b) shows the torque flow paths at the fifth gear, with the second clutch C2, 
5 the third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the third planetary gear set G3 (excluding the ft)urth sun gear 
S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 

[0241] 
10 (Sixth gear) 

As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the fifth 
gear) while engaging the second brake B2, namely, engaging the third clutch C3 and the 
second brake B2 may achieve the forward sixth gear. 
[0242] 

15 At the sixth gear, engaging the third clutch C3 may input the input rotation from the 

input shaft 1 to the third planetary carrier PC3 via the center member CM of the third 
planetary gear set G3. Moreover, engaging the second brake B2 may hold stationary the 
fourth sun gear S4 of the third planetary gear set G3 to the transmission case 3. 
[0243] 

20 In view of the third planetary gear set G3, the input rotation is inputted to the third 

planetary carrier PC3 while the fourth sun gear S4 is held stationary to the transmission 
case 3, thus increasing the input rotation. The thus increased rotation is to be outputted 
from the third ring gear R3 to the output gear 2 via the second connector member M2. 
[0244] 

25 Sunmiarizing the above, at the sixth gear, the common line diagram in Fig. 14 

defines a line connecting the engagement point of the third clutch C3 (rendering the 
rotation of the third planetary carrier PC3 as the input rotation) and the engagement point 
of the second brake B2 (holding stationary the fourth sun gear S4 to the transmission case 
3), thus increasing the rotation inputted from the input shaft 1 and thereafter outputting the 

30 thus increased rotation from the output gear 2. 
[0245] 
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Fig. 16(c) shows the torque flow paths at the sixth gear, with the third clutch C3, the 
second brake B2 and each of the members indicated by the bold line and with the third 
planetary gear set G3 (excluding the third sun gear S3) hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 

5 

[0246] 

(Reverse gear) 

As is seen in Fig, 2, engaging the second clutch C2 and the first brake Bl may 
achieve the reverse gear. 
10 [0247] 

At the reverse gear, engaging the second clutch C2 may input the reduced rotation 
from the first planetary gear set Gl to third sun gear S3 via the second sun gear S2 and the 
first connector member Ml. On the other hand, engaging the first brake Bl may hold 
stationary the planetary carrier PC3 to the transmission case 3. 
15 [0248] 

In view of the third planetary gear set G3, the forward reduced rotation is inputted to 
the third sun gear S3 while the third planetary carrier PC3 may be held stationary to the 
transmission case 3, thus outputting the reverse reduced rotation fi*om the third ring gear 
R3 to the output gear 2 via the second connector member M2. 
20 [0249] 

Summarizing the above, at the reverse gear, the common line diagram in Fig. 14 
defines a line connecting the engagement point of the second clutch C2 (rendering the 
reduced rotation from the first planetary gear set Gl as the input rotation to the third sun 
gear S3) and the engagement point of the first brake Bl (braking the rotation of the third 
25 planetary carrier PC3), thus reversely reducing the rotation inputted from the input shaft 1 
and thereafter outputting the thus reversely reduced rotation from the output gear 2. 
[0250] 

Fig. 1 7 shows the torque flow paths at the reverse gear, with the second clutch C2, 
the first brake Bl and each of the members indicated by the bold line and with the first 
30 planetary gear set Gl and the third planetary gear set G3 (excluding the fourth sun gear 
S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 
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[0251] 

In addition to the effect (A) to the effect (G) brought about by the speed change gear 
according to the first embodiment in Fig. 1 to Fig. 6, the speed change gear according to 
the second embodiment may bring about the following effect (H) and effect (I): 
5 (H) The first planetary gear set Gl which is the speed reduction planetary gear set is the 
double pinion planetary gear set, thus improving the layout freedom (or flexibility). 
[0252] 

More specifically described as below: 

The output portion OUTPUT is the output gear 2 which is disposed between 
10 the double sun gear planetary gear set G3 and the single pinion planetary gear set G2. 
Otherwise, the output portion OUTPUT can be an output shaft which is so disposed 
substantially coaxially with the input shaft 1 as to be positioned opposite to the input shaft 
1 . In sum, the layout is applicable not only to an automatic transmission for a front engine 
front drive (FF) vehicle but also to an automatic transmission for a front engine rear drive 
15 (FR) vehicle. 

(I) The speed reduction planetary gear set Gl is a double pinion planetary gear Gl 
including a first sun gear SI which is continuously held stationary, a first ring gear Rl, a 
first primary pinion Pla meshing with the first sun gear SI, a first secondary pinion Plb 
meshing with the first ring gear Rl, and a first planetary carrier PCI for carrying the first 

20 primary pinion Pla and the first secondary pinion Plb in such a manner that the first 
primary pinion Pla and the first secondary pinion Plb rotate. 

The single pinion planetary gear set G2 includes a second sun gear S2, a second 
pinion P2 meshing with the second sun gear S2, a second ring gear R2 meshing with the 
second pinion P2, and a second planetary carrier PC2 for carrying the second pinion P2 in 

25 such a manner that the second pinion P2 rotates. 

The double sun gear planetary gear set G3 includes a third sun gear S3 and a fourth 
sun gear S4 which two sun gears S3, S4 constituting a double sun gear, a third pinion P3 
meshing with the third sun gear S3 and the fourth sun gear S4 in common, a third ring 
gear R3 meshing with the third pinion P3, and a third planetary carrier PC3 for carrying 

30 the third pinion P3 in such a manner that the third pinion P3 rotates, and the center 
member CM extending from between the third sun gear S3 and the fourth sun gear S4. 
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Disposed sequentially from the input portion INPUT (input shaft l)s' side are the 
speed reduction planetary gear set Gl, the single pinion planetary gear set G2, and the 
double sun gear planetary gear set 03. 

The input portion INPUT (input shaft 1) is connected to the first planetary carrier 
5 PCI and is adapted to be made connectable to the center member CM by the third clutch 
C3. 

The second sun gear S2 and the third sun gear S3 are connected mutually by a first 
connector member Ml, and are adapted to be made connectable to the first ring gear Rl 
by the second clutch C2. 
10 The second planetary carrier PC2 and the third ring gear R3 are mutually connected 

by a second connector member M2, and are connected to the output portion OUTPUT 
(output gear 2). 

The first ring gear Rl and the second ring gear R2 are adapted to be connected by 
the first clutch CI. 

15 The third planetary carrier PC3 is adapted to be held stationary by the first brake Bl, 

while the fourth sun gear S4 is adapted to be held stationary by the second brake B2. 
[0253] 

With the above constitution, the speed change gear for the automatic transmission 
according to the second embodiment may bring about the ring gear input to the Ishimaru 
20 planetary gear train (including the second planetary gear set G2 and the third planetary 
gear set G3) at the first gear and the second gear, thus making the automatic transmission 
further smaller. 
[0254] 

In addition, the speed change gear for the automatic treinsmission according to the 
25 second embodiment may eliminate the torque circulation at the second gear, thus 
improving the transmission efficiency at the second gear leading to decrease in the fuel 
consumption. 

[0255] 

30 Fig. 18 is a view of a developed cross section showing an actual constitution of the 

speed change gear in Fig. 13 to Fig. 17, according to the second embodiment of the 
present invention. Hereinafter described is the actual constitution of the speed change gear 
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referring to Fig. 18 showing the input portion 1 and the output portion 2 reversed relative 

to those shown by the skeleton diagrams in Fig. 13, Fig. 15, Fig. 16 and Fig. 17. 

[0256] 

The input shaft 1 and the middle shaft 4 are disposed sidewise in Fig. 18 
5 substantially coaxially in the transmission case 3, in such a manner as to mate and rotate 
relative to each other. In sum, the input shaft 1 and the middle shaft 4 are individually 
bom in the transmission case 3 in such a manner as to rotate relative to the transmission 
case 3. 
[0257] 

10 The transmission case 3 has the front end opening (right in Fig. 18) closer to the 

input shaft 1, which opening is blocked with the pump case having the pump housing 5 
and the pump cover 6. The input shaft 1 is inserted to the pump case to be bom by the 
pump case. An engine ENG is drivingly connected to the protrusion end of the input shaft 
1 via a torque converter T/C. 

15 [0258] 

The middle shaft 4 has the rear end (farther side from the input shaft 1 in Fig. 1 8) 
which is rotatably bom with the end cover 7 at the rear end (left in Fig. 18) of the 
transmission case 3. 
[0259] 

20 There is provided the middle wall 8 substantially in the middle in the axial direction 

of the transmission case 3. The output gear 2 is rotatably bom by the middle wall 8. The 
middle shaft 4 has a front end (right in Fig. 18) which is rotatably bom by the wall 
defining the center opening of the middle wall 8 via the hollow shaft 9. 
[0260] 

25 Between the pump case (including the pump housing 5 and the pump cover 6) and 

the middle wall 8, there is defined the front space (right in Fig. 18). The first planetary 
gear set Gl is disposed in the front space (right in Fig. 18). The third clutch C3 is also 
disposed in the front space (right in Fig. 1 8) in such a manner as to wrap the first planetary 
gear set Gl. 

30 [0261] 

In view of the first plane tar>' gear set Gl, the first sun gear SI held stationary to the 
pump cover 6 is continuously incapable of rotating. Moreover, in view of the first 
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planetary gear set Gl, the first planetary carrier PCI connects to the flange 10 extending 
radially outward fi-om the input shaft 1, and a clutch hub 32 is disposed around the first 
planetary carrier PCI . 
[0262] 

5 There is provided the clutch drum 1 1 extending radially outward firom the fi"ont end 

(right in Fig. 1 8, namely, closer to the input shaft 1) of the middle shaft 4 in such a manner 
as to wrap the first ring gear Rl and the clutch hub 32, moreover, there is provided the 
clutch pack 12 having clutch plates which are splined respectively with the inner periphery 
of the clutch drum 1 1 and the outer periphery of the clutch hub 32 in such a manner as to 
10 be disposed altematingly, thus constituting the third clutch C3. 
[0263] 

Hereinabove, the third clutch C3 has the clutch piston 13 which mates with the end 
wall (facing the first planetary gear set Gl) of the clutch drum 11. Receiving the operation 
oil pressure applied fi-om the operation oil duct 14 (formed in the pump cover 6, the input 
15 shaft 1 and the middle shaft 4) to the clutch piston 13, the clutch piston 13 may make a 
stroke, thus engaging the third clutch C3. 
[0264] 

There is provided the connector member 9a extending radially outward from the 
front end (right in Fig. 18) of the hollow shaft 9. The connector member 9a is shaped 
20 substantially into a drum in such a manner as to wrap the third clutch C3. Moreover, the 
connector member 9a has the front end (right in Fig. 1 8) connecting to the first ring gear 
Rl. 
[0265] 

Between the middle wall 8 and the end cover 7, there is defined the rear space (left 
25 in Fig. 18). The second planetary gear set G2, the third planetary gear set G3, the first 
clutch CI, the second clutch C2, the first brake Bl, and the second brake B2 are disposed 
in the rear space (left in Fig. 18) in the following manner: 
[0266] 

The second planetary gear set G2 and the third planetary gear set G3 are disposed on 
30 the middle shaft 4. In this case, however, the second planetary gear set G2 is disposed 
nearer to the input shaft 1 than the third planetary gear set G3. 
[0267] 



57 



The first connector member Ml integrates the second sun gear S2 of the second 
planetary gear set G2 with the third sun gear S3 of the third planetary gear set G3. The 
second sun gear S2 and the third sun gear S3 thus integrated are rotatably bom on the 
middle shaft 4. 
5 [0268] 

From substantially the center of the hollow shaft 9, there is provided the clutch drum 

1 5 extending radially outward and then extending axially rearward (leftward in Fig. 1 8) to 
the outer periphery of the second ring gear R2, moreover, there is provided the clutch pack 

16 having clutch plates which are splined respectively with the inner periphery of the 
1 0 clutch drum 1 5 and the outer periphery of the second ring gear R2 in such a manner as to 

be disposed altematingly, thus constituting the first clutch CI. 
[0269] 

As described above, the second clutch C2 is disposed nearer to the input shaft 1 than 
the first clutch CI which is disposed on the outer periphery of the second planetary gear 

15 G2. With the above constitution, there is provided the clutch hub 17 fixed to the outer end 
of the second sun gear S2 (namely, on the input shaft Ts side of the second sun gear S2) 
and extending radially outward, moreover, there is provided the clutch pack 18 having 
clutch plates which are splined respectively with the outer periphery of the clutch hub 17 
and the inner periphery of the clutch drum 15 in such a manner as to be disposed 

20 altematingly, thus constituting the second clutch C2. 
[0270] 

Hereinabove, as the double piston with the clutch piston 20 sliding inside the clutch 
piston 19, the clutch piston 19 of the first clutch CI and the clutch piston 20 of the second 
clutch C2 are in combination disposed on the second clutch C2's side away from the first 
25 clutch CI. With the above constitution, the clutch piston 20 may mate with the end wall 
(right in Fig, 18, and facing the second planetary gear set G2) of the clutch drum 15. 
[0271] 

Receiving the operation oil pressure applied from the operation oil ducts 21 formed 
individually in the middle wall 8 and the hollow shaft 9 (shown in Fig. 18 is one operation 
30 oil duct 21 only), the clutch piston 19 and the clutch piston 20 may make a stroke, thus 
engaging the first clutch CI and the second clutch 20 individually. 
[0272] 
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As described above, the third planetary gear set G3 is the double sun gear planetary 
gear set. The third ring gear R3 is smaller in tooth width than the third pinion P3. With 
this, the third ring gear R3 may mesh with the third pinion P3 at the end portion near to 
the second planetary gear set G2, thus shortening the second connector member M2 for 
5 connecting the third ring gear R3 to the second planetary carrier PC2 of the second 
planetary gear set G2. 
[0273] 

Around the outer periphery of the third ring gear R3, there is provided the tubular 
connector member 22 disposed in such a manner as to wrap the clutch drum 15 of the first 
10 clutch CI and the second clutch C2. The tubular connector member 22 has the first end 
(left in Fig. 1 8) connecting to the outer periphery of the third ring gear R3 and the second 
end (right in Fig. 1 8) connecting to the output gear 2. 
[0274] 

Like the third planetary carrier PC3 of the third planetary gear set G3 according to 
15 the first embodiment, the third planetary carrier PC3 of the third planetary gear set G3 
according to the second embodiment is fitted with the center member CM which connects 
to the side member SM bearing the third pinion P3 and which extends radially inward via 
between the third sun gear S3 and the fourth sun gear S4. Moreover, substantially in the 
axial center of the third pinion P3, the third planetary carrier PC3 of the third planetary 
20 gear set G3 is fitted with the outer member OM extending radially outward substantially 
along the end face (left in Fig. 1 8) of the third ring gear R3. 
[0275] 

The center member CM is drivably connected to the middle shaft 4, thus connecting 
the third planetary carrier PC3 to the clutch drum 1 1 of the third clutch C3 via the center 
25 member CM and the middle shaft 4. 
[0276] 

The outer member OM has the outer periphery connecting to the brake hub 23. 
Being disposed around the outer periphery of the tubular connector member 22, the brake 
hub 23 extends firontward (rightward in Fig. 18) toward the middle wall 8. 
30 [0277] 

There is provided the brake pack 24 having brake plates which are splined 
respectively with the outer periphery at the front end (right in Fig. 18) of the brake hub 23 
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and the inner periphery of the transmission case 3 in such a manner as to be disposed 
altematingly, thus constituting the first brake Bl. The first brake Bl is adapted to be 
engaged by the brake piston 25 which mates in the middle wall 8 in a forward position 
(right in Fig. 18) of the brake pack 24. 
5 [0278] 

There is provided the brake hub 26 disposed in such a manner as to cover the rear 
end (left in Fig. 18) of the brake hub 23. The brake hub 26 has the rear end wall 26a 
extending circumferentially inward substantially along the back portion of the third 
planetary gear set G3, moreover, the inner periphery of the rear end wall 26a of the brake 
10 hub 26 connects to the fourth sun gear S4 of the third planetary gear set G3, thus 
constituting the first rotation member. 
[0279] 

There is provided the brake pack 27 having brake plates which are splined 
respectively with the outer periphery of the brake hub 26 and the inner periphery of the 
15 transmission case 3, thus constituting the second brake B2. The second brake B2 is 
adapted to be engaged by the brake piston 28 which mates in the transmission case 3 in the 
rearward position (left in Fig. 18) of the brake pack 27. 
[0280] 

The above summarizes that the first brake Bl is disposed outside the first clutch CI 
20 and the second clutch C2 while the second brake B2 is disposed outside the third planetary 
gear set G3. Moreover, the first brake Bl is disposed nearer to the input shaft 1 (or the 
first planetary gear set Gl) than the second brake B2. 
[0281] 

Although being omitted from the skeleton diagrams in Fig. 13, Fig. 15, Fig. 16 and 
25 Fig. 1 7, the one way clutch OWC is disposed between substantially an axial middle (of the 
brake hub 23 constituting the first brake Bl) and the transmission case 3. In the 
disengagement state of the first brake Bl, the one way clutch OWC may prevent the one 
way rotation of the third planetary carrier PC3, thus achieving the first gear. 
[0282] 

30 At the above first gear achieved by the one way clutch OWC, however, the OWC 

may allow the reverse rotation of the third planetary carrier PC3, thus rendering the engine 
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brake unobtainable. Therefore, in case the engine brake is requested, the first brake Bl is 

engaged so as to prevent the reverse rotation of the third planetary carrier PCS. 

[0283] 

Moreover, according to the second embedment, there is provided a counter shaft 
5 (not shown in Fig. 18). Hereinabove, the counter shaft (not shown in Fig. 18) according to 
the second embedment is like the counter shaft 29 which is integrated with the counter 
gear 30 and the final drive pinion 31 according to the first embodiment in Fig. 12. Via the 
counter shaft (not shown in Fig. 1 8), the output rotation of the speed change gear is sent to 
the differential gear device (not shown in Fig. 18) between the vehicle's drive wheels. 
10 [0284] 

Other than the above first rotation member, there are provided the following rotation 
members, according to the second embodiment: 

* The second rotation member including the second sun gear S2, the third sun 
gear S3, the first connector member Ml and the clutch hub 17. 

15 * The third rotation member including the second connector member M2, the 

second planetary carrier PC2 and the third ring gear R3 (which two are connected vnth 
each other via the second connector member M2), and the tubular connector member 22. 

* The fourth rotation member including the third planetary carrier PC3, the 
center member CM, the middle shaft 4, the clutch drum 1 1 , the outer member OM, and the 

20 brake hub 23. 

* The fifth rotation member including the second ring gear R2. 

[0285] 

With the above constitution shown in Fig. 18, the speed change gear according to 
25 the second embodiment of the present invention is, like the speed change gear according 
to the first embodiment in Fig. 12, the combination of three planetary gear sets (namely, 
the first planetary gear set Gl, the second planetary gear set G2, and the third planetary 
gear set G3), the first rotation member, the second rotation member, the third rotation 
member, the fourth rotation member and the fifth rotation member, thus bringing about the 
30 above effect (A) to effect (G). In addition to the effect (A) to the effect (G), the speed 
change gear according to the second embodiment may bring about the following effects: 
[0286] 
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(Effect) 

Of the double sun gear planetary gear set G3 and the single pinion planetary gear set 
G2, it is the single pinion planetary gear set G2 that relates to both the second rotation 
member and the fifth rotation member. In other words, it is the single pinion planetary 
5 gear set G2 to which the reduced rotation is inputted fi-om the speed reduction planetary 
gear set Gl via the first clutch CI and the second clutch C2, and the single pinion 
planetary gear set G2 is disposed on the nearer side to the speed reduction planetary gear 
set Gl than the double sun gear planetary gear set G3. With the above constitution, the 
power conductive path can be shortened that includes the first clutch CI and the second 

10 clutch C for transmitting the great torque rotation (reduced with the speed reduction 
planetary gear set Gl) to the single pinion planetary gear set G2. The thus shortened 
power conductive path may contribute to smaller size of the component parts for the 
power transmission and may facilitate handling and mounting of the component parts, thus 
making the automatic transmission smaller, 

15 [0287] 

The above effect can be more remarkable when the first clutch CI and the second 
clutch C2 are disposed in the vicinity of the single pinion planetary gear set G2, especially, 
on the outer periphery of the single pinion planetary gear set G2, as is seen in Fig. 18. In 
addition, the clutch piston 19 of the first clutch CI and the clutch piston 20 of the second 
20 clutch C2 can be made into the double piston constitution as is seen in Fig. 18, thus saving 
the space therefor and thus making the speed change gear still smaller. 
[0288] 

Moreover, the speed reduction planetary gear set Gl, the single pinion planetary 
gear set G2, and the double sun gear planetary gear set G3 which are disposed sequentially 
25 fi-om the input shaft 1 's side may bring about the following effect: 
[0289] 
(Effect) 

The double sun gear planetary gear set G3 disposed at the rear end (remotest from 
the input shaft 1) has the outer periphery with great layout freedom (or flexibility) in the 
30 axial direction of the third ring gear R3, thus allowing the third ring gear R3 to be 
disposed on the input shaft I's side for meshing with the third pinion P3, as is seen in Fig. 
18. Moreover, the outer member OM connecting the third planetary carrier PC3 (of the 
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double sun gear planetary gear set G3) to the first brake Bl (brake hub 23) extends, 
substantially in the axial center of the third pinion P3, radially outward from the third 
planetary carrier PC3 in such a manner as to run substantially along the end face of the 
third ring gear R3 which is moved toward (forward, namely, rightward in Fig. 18) the 
5 single pinion planetary gear set G2 for meshing with the third pinion P3. With the above 
constitution, the third ring gear R3 and the outer member OM allow the end cover 7 for 
the transmission case 3 in the vicinity of the rear end outer periphery of the double sun 
gear planetary gear set G3 to be dented radially inward, as is seen in Fig. 18. 
[0290] 

10 The speed change gear in Fig. 18 may occasionally be mounted sidewise in the 

engine room of the vehicle. In this case, the end outer periphery (the end cover 7) on the 
remote side from the input shaft 1 can be small in diameter, thus causing substantially no 
interference with the body members protruding (bulging) in the engine room. In other 
words, in addition to the advantages described in connection with Fig. 1, Fig. 4, Fig. 5 and 

15 Fig. 6, the speed change gear in Fig. 18 is advantageous in terms of mounting and layout. 
[0291] 

Moreover, the third ring gear R3 and the outer member OM disposed in the above 
manner can bring about the ample space in the vicinity of the rear end outer periphery of 
the third planetary gear set G3, thus allowing the rear end wall 26a (connecting the fourth 

20 sun gear S4 to the second brake B2 which holds stationary the fourth sun gear S4) of the 
brake hub 26 to be bendable into the space. The thus bent rear end wall 26a can allow the 
end cover 7 for the transmission case 3 in the vicinity of the rear end outer periphery of 
the double sun gear planetary gear set G3 to be assuredly dented radially inward, as is seen 
in Fig. 18. 

25 [0292] 

The above effect is more remarkable with the outer member OM bent in such a 
manner as to cover the outer periphery of the third ring gear R3 and to run substantially 
along the second connector member M2, as is seen in Fig. 18. With this, even disposing 
the second brake B2 on the outer periphery of the double sun gear planetary gear set G3 
30 still allows the end cover 7 for the transmission case 3 in the vicinity of the rear end outer 
periphery of the double sun gear planetary gear set G3 to be dented radially inward, as is 
seen in Fig. 18. 
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[0293] 

Moreover, with the above disposition of the first clutch CI, the second clutch C2 
and the third clutch C3 in Fig. 18, the first clutch CI and the second clutch C2 can 
approach the input shaft 1, thus further (or more extensively) denting radially inward the 
5 end cover 7 for the transmission case 3 in the vicinity of the rear end outer periphery of 
the double sun gear planetary gear set G3. Thereby, the speed change gear disposed 
sidewise in the engine room can have more remarkable effect in terms of mounting and 
layout. 
[0294] 

10 Moreover, having the above disposition in Fig. 18, the first clutch CI and the second 

clutch C2 can approach the speed reduction planetary gear set Gl, thus shortening the 
members (the middle shaft 9 and the clutch drum 15) connecting the first clutch CI and 
the second clutch C2 with the speed reduction planetary gear set Gl. In other words, the 
members (the middle shaft 9 and the clutch drum 15) can be made shorter, smaller, lighter 

1 5 and simpler. 
[0295] 

Moreover, disposing the first clutch CI and the second clutch C2 sidewise allows 
the double piston constitution, namely, the clutch piston 19 and the clutch piston 20, 
respectively. In addition to the double piston constitution, disposing the first clutch CI and 
20 the second clutch C2 sidewise allows the return spring and the centrifugal pressure 
cancellation chamber to be used in common for the clutch piston 19 and the clutch piston 
20, thus reducing the number of component parts and reducing size and cost of the speed 
change gear. 
[0296] 

25 In addition to disposing the first clutch CI and the second clutch C2 as described 

above, the respective clutch piston 19 and clutch piston 20 on the single pinion planetary 
gear set G2 are disposed on the farther side from the double sun gear planetary gear set G3. 
With the above constitution, the clutch piston 19 of the first clutch CI and the clutch 
piston 20 of the second clutch C2 are free from being disposed on the outer periphery of 

30 the double sun gear planetary gear set G3. With this, the end cover 7 for the transmission 
case 3 in the vicinity of the rear end outer periphery of the double sun gear planetary gear 
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set G3 may be dented radially inward, thus further improving the mounting and layout 

with the speed change gear disposed sidewise in the engine room. 

[0297] 

Moreover, being disposed on the outer periphery of the speed reduction planetary 
5 gear set Gl, the third clutch C3 for inputting the rotation of the input shaft 1 directly to the 
third planetary carrier PC3 of the double sun gear planetary gear set G3 is closer to the 
input shaft 1 than the first clutch CI and the second clutch C2. With the above constitution, 
the end cover 7 for the transmission case 3 in the vicinity of the rear end outer periphery 
of the double sun gear planetary gear set G3 can be dented radially inward, thus securely 

10 improving the mounting and layout with the speed change gear disposed sidewise in the 
engine room. In addition, with the above constitution, the operation oil duct 14 and the 
operation oil duct 21 of the first clutch CI, the second clutch C2 and the third clutch C3 
can be handled more easily and difference in length between the operation oil duct 14 and 
the operation oil duct 21 can be reduced, thus improving controllability of the first clutch 

15 CI, the second clutch C2 and the third clutch C3 and thus achieving substantially a 
uniform transmission response of the first clutch CI, the second clutch C2 and the third 
clutch C3. 
[0298] 

Moreover, the clutch piston 13 (of the third clutch C3) disposed on the speed 
20 reduction planetary gear set Gl is on the closer side to the single pinion planetary gear set 
G2. With the above constitution, the clutch piston 13 of the third clutch C3 can be 
disposed in the vicinity of the clutch piston 19 of the first clutch CI and the clutch piston 
20 of the second piston C2 in such a manner as to turn the clutch piston 13's back to backs 
of the clutch piston 19 and the clutch piston 20). With the above constitution, the 
25 operation oil duct 14 and the operation oil duct 21 of the first clutch CI, the second clutch 
C2 and the third clutch C3 can be handled more easily and the difference in length 
between the operation oil duct 14 and the operation oil duct 21 can be reduced, thus 
improving the controllability of the first clutch CI, the second clutch C2, and the third 
clutch C3 and thus achieving substantially the uniform transmission response of the first 
30 clutch CI , the second clutch C2 and the third clutch C3 with greater assuredness. 
[0299] 
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Between the speed reduction planetary gear set Gl and the single pinion planetary 
gear set G2, the operation oil duct 21 of the first clutch CI and the second clutch C2 is 
formed in the middle wall 8 which is the output gear bearing wall disposed in the 
transmission case 3. With the above constitution, the operation oil duct 21 can be 
5 shortened which is to extend between the first clutch CI and the control valve body (not 
shown) and between the second clutch C2 and the control valve (not shown). Hereinabove, 
the control body (not shown) for transmission control is to be disposed in the given 
position in the circumferential direction of the transmission case 3 . Moreover, with the 
above constitution, the operation oil duct 21 can be substantially equal in length, thus 

10 achieving substantially the uniform transmission response of the first clutch CI and the 
second clutch C2. Even in the condition that the relatively high hydraulic pressure is 
requested due to the great transmission torque, the operation oil duct 2 1 of the first clutch 
CI and the second clutch C2 can be free from the reinforcing sleeve and the like since the 
operation oil duct 21 is formed in the middle wall 8 that is relatively thick for bearing the 

15 output gear 2. In sum, forming the operation oil duct 21 directly in the middle wall 8 can 
prevent increase in the number of component parts and prevent higher cost. 
[0300] 

The first brake Bl for holding stationary the third planetary carrier PC3 is connected 
to the third planetary carrier PC3 via the outer member OM which is taken out from the 

20 rear side (left in Fig. 18) of the double sun gear planetary gear set G3 which rear side (left 
in Fig. 18) is farthest away from the speed reduction planetary gear set Gl, while the 
second brake B2 for holding stationary the fourth sun gear S4 is connected to the fourth 
sun gear S4 via the rear end wall 26a which is taken out from the rear side (left in Fig. 18) 
of the double sun gear planetary gear set G3 which rear side (left in Fig. 1 8) is farthest 

25 away from the speed reduction planetary gear set Gl. With the above constitution, the 
brake force conductive path can be simplified and shortened in relation to the disposition 
of the first clutch CI and the second clutch C2, thus preferably increasing braking 
efficiency and making the speed change gear smaller. 
[0301] 

30 The first brake Bl for holding stationary the third planetary carrier PC3 of the 

double sun gear planetary gear set G3 is disposed nearer to the speed reduction planetary 
gear set Gl than the second brake B2 for holding stationary the fourth sun gear S4 of the 
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double sun gear planetary gear set G3. Hereinabove, the fourth sun gear S4 is disposed on 
the farther side from the single pinion planetary gear set G2. The third planetary carrier 
PCS (of the double sun gear planetary gear set G3) to be held stationary by the first brake 
Bl, the outer member OM (connector member) for connecting the third planetary carrier 
5 PC3 to the first brake Bl, the fourth sun gear S4 (of the double sun gear planetary gear set 
G3) disposed on the farther side from the single pinion planetary gear set G2 and to be 
held stationary by the second brake B2, and the rear end wall 26a (connector member) for 
connecting the fourth sun gear S4 to the second brake B2 are to extend on the double sun 
bear planetary gear set G3 in such a manner as to be disposed away from the input shaft 1 . 

10 With the above constitution, handling and mounting the outer member OM and the rear 
end wall 26a may be eased in relation to the disposition of the third planetary carrier PC3 
and the fourth sun gear S4, moreover, the outer member OM (connector member) and the 
rear end wall 26a (connector member) shortened can contribute to cost reduction and 
improvement of rigidity and space efficiency. 

15 [0302] 

The operation oil duct 21 of the first clutch CI and the second clutch C2 is formed 
in the middle wall 8 for bearing the output gear 2, while the operation oil duct 14 of the 
third clutch C3 is formed in the pump cover 6. With the above constitution, all the 
operation oil duct 21 and the operation oil duct 14 can concentrate at the front portion 
20 (right in Fig. 18) of the transmission case 3 for the preferable (smooth) flow of the 
operation oil from the control valve body (not shovm), thus eliminating redundant 
transmission control circuit. 

[0303] 

25 <Third embodiment> 
[0304] 

Fig. 19 shows a typical skeleton diagram of the speed change gear for the automatic 
transmission, according to a third embodiment of the present invention. Parts and sections 
substantially the same as those in Fig. 1 according to the first embodiment are denoted by 
30 the same numerals, and repeated descriptions are to be omitted. 
[0305] 



67 

The speed change gear (referred to as "speed reduction double pinion type") for the 
automatic transmission according to the third embodiment is so constituted that the first 
planetary gear set Gl (speed reduction double pinion), the second planetary gear set G2 
(double sun gear), and the third planetary gear set G3 (single pinion) are sequentially and 
5 substantially coaxially arranged from the left end (an end close to the input portion INPUT 
[input shaft 1]), as is seen in Fig. 19. 
[0306] 

The first planetary gear set Gl (speed reduction planetary gear set) in Fig. 19 
according to the third embodiment is substantially the same as that in Fig, 13 according to 

10 the second embodiment. The first planetary gear set Gl (speed reduction planetary gear 
set) in Fig. 19 has the first sun gear SI, the first ring gear Rl, the first primary pinion Pla 
meshing with the first sun gear SI, the first secondary pinion Plb meshing with the first 
ring gear Rl, and the first planetary carrier PCI for carrying the first primary pinion Pla 
and the first secondary pinion Plb in such a manner that the first primary pinion Pla and 

15 the first secondary pinion Plb can rotate, thus constituting the double pinion planetary 
gear set. 
[0307] 

On the other hand, the second planetary gear set G2 has the second sun gear 82, the 
fourth sun gear S4, the second pinion P2 meshing with the second sun gear S2 and the 

20 fourth sun gear 84 in common, the second planetary carrier PC2 for carrying the second 
pinion P2 in such a manner that the second pinion P2 can rotate, and the second ring gear 
R2 (one in number) meshing with the second pinion P2, thus constituting the double sun 
gear planetary gear set. Hereinabove, the second sun gear S2 is disposed on the farther 
side from the input portion INPUT, while the fourth sun gear S4 is disposed on the nearer 

25 side to the input portion INPUT. 
[0308] 

The third planetary gear set G3 has the third sun gear S3, the third ring gear R3, the 
third pinion P3 meshing with the third sun gear S3 and the third ring gear R3, and the third 
planetary carrier PC3 for carrying the third pinion P3 in such a manner that the third 
30 pinion P3 can rotate, thus constituting the single pinion planetary gear set. 
[0309] 
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Like the third planetary carrier PC3 in Fig. 1 (first embodiment) and Fig, 13 (second 
embodiment), the second planetary carrier PC2 in Fig. 19 according to the third 
embodiment is provided with the center member CM extending radially inward from 
between the second sun gear S2 and the fourth sun gear S4. 
5 [0310] 

Hereinabove, the center member CM is so disposed to as to pass through a space 
which is defined on a circle formed with pitches arranged on the second pinion P2 and 
which is defined between the adjacent second pinions P2. The center member CM is so 
disposed as to extend radially inward from between the second sun gear S2 and the fourth 
10 sun gear S4. 
[0311] 

The input portion INPUT (input shaft 1) connecting to the first planetary carrier PCI 
also connects to the engine (not shown) as the power source via the torque converter (not 
shown) allows the engine speed to be inputted to the first planetary carrier PCI fi-om the 
15 input shaft 1. 
[0312] 

The output portion OUTPUT is constituted of an output shaft 51. Being disposed 
substantially coaxially with the input shaft 1, the output shaft 51 connects to the center 

member CM (the second planetary carrier PC2), thus transmitting the output rotation of 
20 the transmission from the output shaft 51 to the drive wheel of the vehicle via the final 
gear set (not shown) and the differential gear device (not shown). 
[0313] 

The first ring gear Rl is adapted to be connected to the second ring gear R2 by the 
first clutch CI, and is adapted to be connected to the fourth sun gear S4 by the second 
25 clutch C2. 
[0314] 

The second sun gear S2 is connected to the third sun gear S3 by the first connector 
member Ml. The second sun gear S2 and the third sun gear S3 thus connected are adapted 
to be held stationary by the second brake B2, while the second connector member M2 
30 connects the second planetary carrier PC2 to the third ring gear R3. 
[0315] 
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The first sun gear SI (of the speed reduction planetary gear set Gl) connecting to 
the transmission case 3 is held continuously stationary. The first planetary carrier PCI is 
adapted to be connected to the third planetary carrier PC3 by the third clutch C3. The third 
planetary carrier PC3 is adapted to be held stationary by the first brake Bl. 
5 [0316] 

The above summarizes that second planetary gear set G2 (double sun gear planetary 
gear set) and the third planetary gear set G3 (single pinion planetary gear set) constitute 
the Ishimaru planetary gear train (speed change planetary gear set). 
[0317] 

10 With the speed change gear having the above constitution according to the third 

embodiment, engaging and disengaging the first clutch CI, the second clutch C2, the third 
clutch C3, the first brake Bl, and the second brake B2 referring to combinations shown in 
Fig. 2 (the circle stands for engagement while the blank stands for disengagement) can 
select corresponding gear shifts (six forward gears and one reverse gear). The control 

15 valve body (not shown) for transmission control achieving engagement logic for the 
applicable transmission is connected to the first clutch CI, the second clutch C2, the third 
clutch C3, the first brake Bl, and the second brake B2. 
[0318] 

The speed change gear for the automatic transmission according to the third 
20 embodiment may also has a common line diagram substantially similar to that in Fig. 14 
according to the second embodiment. Therefore, showing the common line diagram 
according to the third embodiment is to be omitted, 

[0319] 

25 Hereinafter described referring to Fig. 20, Fig. 21 and Fig. 22 is the transmission 

operation of the speed change gear for each gear shift, with the conductive path for each 
gear shift shown with the bold line and hatching. 

[0320] 
30 (First gear) 

As is seen in Fig. 2, engaging the first clutch CI and the first brake Bl may achieve 
the forward first gear. 
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[0321] 

Fig. 20(a) shows the torque flow paths at the first gear, with the first clutch CI, the 
first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
5 (excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 
[0322] 

In other words, at the first gear, the first planetary gear set Gl and the Ishimaru 
planetary gear train (including the second planetary gear set G2 and the third planetary 
10 gear set G3) may contribute to the torque flow. 
[0323] 

(Second gear) 

As is seen in Fig. 2, disengaging the first brake Bl (which is engaged at the first 
gear) while engaging the second brake B2, namely, engaging the first clutch CI and the 
15 second brake B2 may achieve the forward second gear. 
[0324] 

Fig. 20(b) shows the torque flow paths at the second gear, with the first clutch CI, 
the second brake B2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 (excluding the fourth sun gear 
20 S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 
[0325] 
(Third gear) 

As is seen in Fig. 2, disengaging the second brake B2 (which is engaged at the 
second gear) while engaging the second clutch C2, namely, engaging the first clutch CI 
25 and the second clutch C2 may achieve the forward third gear. 
[0326] 

Fig. 21(a) shows the torque flow paths at the third gear, with the first clutch CI, the 
second clutch C2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 (excluding the second sun gear 
30 S2) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 
Hereinabove, the third planetar>' gear set G3 may make substantially no contribution to the 
torque flow. 
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[0327] 

(Fourth gear) 

As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the third 
gear) while engaging the third clutch C3, namely, engaging the first clutch CI and the 
5 third clutch C3 may achieve the forward fourth gear. 
[0328] 

Fig. 21(b) shows the torque flow paths at the fourth gear, with the first clutch CI, 
the third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 (excluding the fourth sun gear S4) 
10 and the third planetary gear set G3 hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 
[0329] 
(Fifth gear) 

As is seen in Fig. 2, disengaging the first clutch CI (which is engaged at the fourth 
15 gear) while engaging the second clutch C2, namely, engaging the second clutch C2 and 
the third clutch C3 may achieve the forward fifth gear. 
[0330] 

Fig. 21(c) shows the torque flow paths at the fifth gear, with the second clutch C2, 
the third clutch C3 and each of the members indicated by the bold line and with the first 
20 planetary gear set Gl and the third planetary gear set G3 hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. Hereinabove, the second planetary 
gear set G2 may make substantially no contribution to the torque flow. 
[0331] 
(Sixth gear) 

25 As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the fifth 

gear) while engaging the second brake B2, namely, engaging the third clutch C3 and the 
second brake B2 may achieve the forward sixth gear. 
[0332] 

Fig. 22(a) shows the torque flow paths at the sixth gear, with the third clutch C3, the 
30 second brake B2 and each of the members indicated by the bold line and with the third 
planetary gear set G3 hatched. Hereinabove, the bold line and the hatching teach that the 
torque is operated. 
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[0333] 

(Reverse gear) 

As is seen in Fig. 2, engaging the second clutch C2 and the first brake Bl may 
achieve the reverse gear. 
5 [0334] 

Fig. 22(b) shows the torque flow paths at the reverse gear, with the second clutch C2, 
the first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 
10 [0335] 

In addition to the effects brought about by the speed change gear according to the 
first embodiment and the speed change gear according to the second embodiment, the 
speed change gear according to the third embodiment may bring about the following 
effect: 
15 [0336] 

The input rotation inputted to the first planetary carrier PCI (large diameter) of the 
speed reduction planetary gear set Gl can make the tangent force small, thus making the 
speed reduction planetary gear set Gl small and fiirther thus making the speed change 
gear of the automatic transmission small. 
20 [0337] 

At the first gear causing the maximum torque, the torque from the speed reduction 
planetary gear set Gl flows via all members including the double sun gear planetary gear 
set G2 and the single pinion planetary gear set G3, which is advantageous in terms of 
strength. 
25 [0338] 

The rotation member receiving the torque via the speed reduction planetary gear set 
Gl and the first clutch CI at the first gear is not the sun gear of the double sun gear 
planetary gear set G2 or the single pinion planetary gear set G3. It is the second ring gear 
Rl (of the double sun gear planetary gear set G2) that acts as the above rotation member 
30 receiving (inputting) the torque at the first gear, thus substantially halving the tangent 
force, which is advantageous in terms of gear strength, gear life, and carrier rigidity. 
[0339] 
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Of the two planetary gear sets constituting the speed change planetary gear set with 
the torque inputted thereto from the speed reduction planetary gear set Gl, it is the second 
planetary gear set G2 that is the double sun gear planetary gear set including the second 
sun gear S2 and the fourth sun gear S4. The second planetary gear set G2 is provided with 
5 the center member CM extending radially inward from between the second sun gear S2 
and the fourth sun gear S4. 
[0340] 

The center member CM extending radially inward from between the second sun gear 
S2 and the fourth sun gear S4 can connect the second planetary carrier PC2 of the double 
10 sun gear planetary gear set G2 to the output portion OUTPUT (output shaft 51) for 
outputting the rotation from the second planetary carrier PC2. 
[0341] 

With the above constitution, taking out the transmission rotation from the second 

planetary carrier PC2 of the double sun gear planetary gear set G2 (which is disposed 
15 between the speed reduction planetary gear set Gl and the single pinion planetary gear set 

G3) to the output portion OUTPUT (output shaft 51) axially rearward (namely, for use of 

the front engine rear drive vehicle) is achievable in the following manner: 

* The transmission rotation can be outputted from the second planetary carrier 

PC2 via the center member CM (extending from between the second sun gear S2 and the 
20 fourth sun gear S4 of the double sun gear planetary gear set G2) to the output portion 

OUTPUT (out put shaft 51) which is disposed in the axial rear portion in such a manner as 

to extend substantially coaxially with the input shaft 1 . 

[0342] 

In sum, for achieving the power to be taken out from the rear portion, the input shaft 
25 1 and the output shaft 51 can be free from being disposed in parallel, in other words, 
without forming a large diameter of the speed change gear. 
[0343] 

Instead of the Ravigneaux compound planetary gear train, it is the double sun gear 
planetary gear set G2 that can prevent the speed change gear from becoming large in 
30 dimension radially. With this, the disadvantages in terms of strength which may be caused 
by the Ravigneaux compound gear train can be avoided. More specifically, the maximum 
torque caused to the gear train at the first gear is ordinarily bom by the double pinion 
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planetary gear set on one side of the Ravigneaux compound planetary gear train, thus 
causing the disadvantage in terms of strength. The double sun gear planetary gear set G2 
according to the third embodiment, however, can prevent the above disadvantage. 
[0344] 

5 In the Ravigneaux compound planetary gear train, the torque increased by the speed 

reduction planetary gear set is inputted to the sun gear of the Ravigneaux compound 
planetary gear train. As compared with the ring gear input and the carrier input, the above 
sun gear input may cause greater tangent force, which is disadvantageous in terms of gear 
strength, gear life, carrier rigidity and the like. Contrary to this, the double sun gear 
10 planetary gear set G2 according to the third embodiment can, without causing the above 
disadvantage, achieve the coaxial disposition of the input portion INPUT and the output 
portion OUTPUT, in other words, avoiding the parallel shaft disposition of the input 
portion INPUT and the output portion OUTPUT. 
[0345] 

15 Some gear shift(s) may cause the torque circulation in the Ravigneaux compound 

planetary gear train, thus lowering the transmission efficiency leading to increase in the 
fuel consumption. The speed change gear using the double sun gear planetary gear set 
according to the third embodiment, however, can prevent the torque circulation, thus 
preventing the increase in the fuel consumption. 

20 [0346] 

The speed change gear using the double sun gear planetary gear set can increase the 
selectivity of the gear ratios, as compared with the speed change gear using the 
Ravigneaux compound planetary gear train. 
[0347] 

25 The third planetary gear set G3 (single pinion) may transmit the torque at the sixth 

gear, thus improving gear meshing efficiency and further thus leading to reduced vibration 
and gear noise. 

[0348] 

30 Fig. 23 is a view of a developed cross section showing an actual constitution of the 

speed change gear in Fig. 19 to Fig. 22, according to the third embodiment of the present 
invention. 
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[0349] 

As is seen in Fig. 23, the input shaft 1, a middle shaft 52, and the output shaft 51 are 
disposed sidewise substantially coaxially in the transmission case 3, in such a manner as to 
mate and rotate relative to each other. In sum, the input shaft 1, the middle shaft 52, and 
5 the output shaft 51 are individually bom in such a manner as to rotate relative to the 

transmission case 3, 
[0350] 

The transmission case 3 has the front end opening (left in Fig. 23) closer to the input 
shaft 1, which opening is blocked with the pump case having the pump housing 5 and the 
10 pump cover 6. The input shaft 1 is inserted to the pump case to be bom by the pump case. 
The engine (not shown) is drivingly connected to the protrusion end of the input shaft 1 
via the torque converter (not shown). 
[0351] 

The middle shaft 52 has the rear end (farther side from the input shaft 1 in Fig. 23) 
15 which is rotatably bom with an end cover (not shown in Fig. 23) at the rear end (right in 
Fig. 23) of the transmission case 3. 
[0352] 

There is provided a middle wall 53 extending in a direction substantially crossing 
the axial line of the transmission case 3. Via a hollow shaft 54, the middle shaft 52 is 
20 rotatably bom by a wall defining substantially a center opening of the middle wall 53. 
[0353] 

Between the pump case (including the pump housing 5 and the pump cover 6) and 
the middle wall 53, there is defined the front space (left in Fig. 23). The first planetary 
gear set Gl is disposed in the front space (left in Fig. 23). The third clutch C3 is also 
25 disposed in the fi-ont space (left in Fig. 23) in such a manner as to wrap the first planetary 
gear set Gl . 
[0354] 

In view of the first planetary gear set Gl, the first sun gear SI held stationary to a 
hollow stationary shaft 55 of the pump cover 6 is continuously incapable of rotating, 
30 Moreover, in view of the first planetary gear set Gl, the first planetary carrier PCI 
serratedly connects with an inner end of the input shaft 1 , and connects to a clutch drum 
56. 
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[0355] 

The clutch drum 56 has an end wall 56a which is so disposed in the vicinity of the 
pump cover 6 as to face the pump cover 6. The clutch drum 56 extends in such a manner 
as to wrap the first planetary gear set Gl. Moreover, there is provided a clutch hub 57 
5 inside the clutch drum 56. 
[0356] 

The clutch hub 57 connects to the hollow shaft 54, moreover, there is provided a 
clutch pack 58 having clutch plates which are splined respectively with an outer periphery 
of the clutch hub 57 and an inner periphery of the clutch drum 56 in such a manner as to 
10 be disposed altematingly, thus constituting the third clutch C3 which is to be disposed on 
the outer periphery of the first planetary gear set Gl. 
[0357] 

Hereinabove, the third clutch C3 has a clutch piston 59 which mates with the end 
wall 56a (facing the first planetary gear set Gl) of the clutch drum 56. Receiving the 
15 operation oil pressure applied from an operation oil duct 60 (formed in the pump cover 6) 
to the clutch piston 13, the clutch piston 13 may make a stroke, thus engaging the third 
clutch C3. 
[0358] 

There is provided a connector member 61 extending radially outward firom the front 
20 end (left in Fig. 23) of the hollow shaft 52. The connector member 61 has an outer 
periphery connecting to the first ring gear Rl . 

[0359] 

Between the middle wall 53 and the rear end wall of the transmission case 3, there is 
defined a rear space (right in Fig, 23). The second planetary gear set G2, the third 
25 planetary gear set G3, the first clutch CI, the second clutch C2, the first brake Bl, and the 
second brake B2 are disposed in the rear space (right in Fig. 23) in the following manner: 
[0360] 

The second planetary gear set G2 and the third planetary gear set G3 are disposed on 
the output shaft 51. In this case, however, the second planetary gear set G2 is disposed 
30 nearer to the input shaft 1 than the third planetary gear set G3. 
[0361] 
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The first connector member Ml integrates the second sun gear S2 of the second 
planetary gear set G2 with the third sun gear S3 of the third planetary gear set G3. The 
second sun gear S2 and the third sim gear S3 thus integrated are rotatably bom on the 
output shaft 51. 
5 [0362] 

The fourth sun gear 84 is also rotatably bom on the output shaft 51. There is 
provided a clutch hub 62 connecting to the fourth sun gear 84. Moreover, a clutch dmm 
63 is so disposed as to wrap the clutch hub 62 and the second ring gear R2. 
[0363] 

10 The clutch dmm 63 has an end wall 63a which is close to the input shaft 1 and is 

drivably connected to the middle shaft 52, moreover, there is provided a clutch pack 64 
having clutch plates which are splined respectively with an inner periphery of the clutch 
drum 63 and an outer periphery of the second ring gear R2 in such a manner as to be 
disposed altematingly, thus constituting the first clutch CI. 

15 [0364] 

There is provided a clutch pack 65 having clutch plates which are splined 
respectively vsath an inner periphery of the clutch dmm 63 and an outer periphery of the 
clutch hub 62 in such a manner as to be disposed altematingly, thus constituting the 
second clutch C2. 
20 [0365] 

With this, the first clutch CI and the second clutch C2 are arranged on the outer 
periphery of the second planetary gear set G2, with the second clutch C2 disposed nearer 
to the input shaft 1 than the first clutch CI. 
[0366] 

25 A clutch piston 66 of the first clutch CI and a clutch piston 67 of the second clutch 

C2 constitute a double piston, with the clutch piston 67 mating in the clutch piston 66. The 
outside clutch piston 66 mates with the end wall 63a (facing the second planetary gear set 
G2) of the clutch dmm 63. 
[0367] 

30 Receiving the operation oil pressure applied fi-om operation oil ducts 68 formed 

individually in the middle wall 53, the hollow shaft 54, and the middle shaft 52 (shown in 
Fig. 23 is one operation oil duct 68 only), the clutch piston 66 of the first clutch CI and 
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the clutch piston 67 of the second clutch C2 may make a stroke, thus engaging the first 

clutch CI and the second clutch 20 respectively. 

[0368] 

There is provided a tubular connector member 69 disposed in such a manner as to 
5 wrap the clutch drum 63. The tubular connector member 22 has an end wall 69a which is 
close to the input shaft 1 and which is drivably connected to the hollow shaft 54 (thereby, 
the clutch hub 57). Moreover, the end wall 69a of the tubular connector member 69 is 
provided with a brake hub 70 extending axially in the direction of the input shaft 1 . 
[0369] 

10 There is provided a brake pack 71 having brake plates which are splined 

respectively with an outer periphery of the brake hub 70 and the inner periphery of the 
transmission case 3 in such a manner as to be disposed altematingly, thus constituting the 
first brake Bl. 
[0370] 

15 A brake piston 72 of the first brake Bl sUdingly mates with the middle wall 53. 

Receiving the operation oil pressure applied from an operation oil duct 73 (formed in the 
middle wall 53) to the brake piston 72, the brake piston 72 may make a stroke, thus 
engaging the first brake Bl . 
[0371] 

20 The tubular connector member 69 has the rear end (right in Fig. 23) which is 

disposed on a farther side fi'om the input shaft 1 connects to the third planetary carrier PC3, 
while the second connector member M2 connects the first ring gear R3 to the second 
planetary carrier PC2. 
[0372] 

25 The center member CM extending from the side member SM of the second 

planetary carrier PC2 via between the second sun gear S2 and the fourth sun gear S4 
connects to the output shaft 51, thus connecting the second planetary carrier PC2 to the 
output shaft 5 1 . 
[0373] 

30 The combination of the second sun gear S2 and the third sun gear S3 via the first 

connector member Ml is rotatably bom on the output shaft 51 in such a manner as to 
extend in a direction away fi-om the input shaft 1. Connecting a brake hub 74 to the 
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combination of the second sun gear S2 and the third sun gear S3 can constitute the first 
rotation member. 
[0374] 

There is provided a brake pack 75 having brake plates which are splined 
respectively with an outer periphery of the brake hub 74 and the inner periphery of the 
transmission case 3 in such a manner as to be disposed altematingly, thus constituting the 
second brake B2. 
[0375] 

Other than the above first rotation member, there are provided the following rotation 
members, according to the third embodiment: 

* The second rotation member including the fourth sun gear S4 and the clutch 
hub 62. 

* The third rotation member including second planetary carrier PC2, the third 
ring gear R3, and the second connector member M2. 

* The fourth rotation member including the third planetary carrier PC3, the 
tubular connector member 69, and the brake hub 70. 

* The fifth rotation member including the second ring gear R2. 

[0376] 

20 With the above constitution shown in Fig. 23, the speed change gear according to 

the third embodiment of the present invention is, like the speed change gear according to 
the first embodiment in Fig. 12 and the speed change gear according to the second 
embodiment in Fig. 18, the combination of three planetary gear sets (namely, the first 
planetary gear set Gl, the second planetary gear set G2, and the third planetary gear set 

25 G3), the first rotation member, the second rotation member, the third rotation member, the 
fourth rotation member and the fifth rotation member, thus bringing about the above effect 
(A) to effect (G). In addition to the effect (A) to the effect (G), the speed change gear 
according to the third embodiment may bring about the following effects: 
[0377] 

30 (Effect) 

Of the double sun gear planetary gear set G2 and the single pinion planetary gear set 
G3, it is the double sun gear planetary gear set G2 that relates to both the second rotation 
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member and the fifth rotation member. In other words, it is the double sun gear planetary 
gear set G2 to which the reduced rotation is inputted from the speed reduction planetary 
gear set Gl via the first clutch CI and the second clutch C2, and the double sun gear 
planetary gear set G2 is disposed on the nearer side to the speed reduction planetary gear 
5 set Gl than the single pinion planetary gear set G3. With the above constitution, the power 
conductive path can be shortened that includes the first clutch CI and the second clutch C 
for transmitting the great torque rotation (reduced with the speed reduction planetary gear 
set Gl) to the double sun gear planetary gear set G2. The thus shortened power conductive 
path may contribute to smaller size of the component parts for the power transmission and 
10 may facilitate handling and mounting of the component parts, thus making the automatic 
transmission smaller. 
[0378] 

The above effect can be more remarkable when the first clutch CI and the second 
clutch C2 are disposed in the vicinity of the double sun gear planetary gear set G2, 
1 5 especially, on the outer periphery of the double sun gear planetary gear set G2, as is seen 
in Fig. 23. In addition, the clutch piston 66 of the first clutch CI and the clutch piston 67 
of the second clutch C2 can be made into the double piston constitution as is seen in Fig. 
23, thus saving the space therefor and thus making the speed change gear still smaller. 
[0379] 

20 Moreover, having the above disposition in Fig. 23, the first clutch CI and the second 

clutch C2 can approach the speed reduction planetary gear set Gl, thus shortening the 
members (the middle shaft 52, the hollow shaft 54 and the clutch hub 57) connecting the 
first clutch CI and the second clutch C2 to the speed reduction planetary gear set Gl. In 
other words, the members (the middle shaft 52, the hollow shaft 54 and the clutch hub 57) 

25 can be made shorter, smaller, lighter and simpler. 
[0380] 

Moreover, disposing the first clutch CI and the second clutch C2 sidewise allows 
the double piston constitution, namely, the clutch piston 66 and the clutch piston 67, 
respectively. In addition to the double piston constitution, disposing the first clutch CI and 
30 the second clutch C2 sidewise allows the retum spring and the centrifugal pressure 
cancellation chamber to be used in common for the clutch piston 66 and the clutch piston 
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67, thus reducing the ninnber of component parts and reducing size and cost of the speed 

change gear. 

[0381] 

In addition to disposing the first clutch CI and the second clutch C2 as described 
5 above, the respective clutch piston 66 and clutch piston 67 on the double sun gear 
planetary gear set G2 are disposed on the farther side from the single pinion planetary gear 
set G3, while the operation oil duct 68 for the first clutch CI and the second clutch C2 is 
formed in the middle wall 53 (of the transmission case 3) between the speed reduction 
planetary gear set Gl and the double sun gear planetary gear set G2. 
10 [0382] 

With the above constitution, the operation oil duct 68 can be shortened which 
extends between the first clutch CI and the control valve body (not shown) and between 
the second clutch C2 and the control valve body (not shown). Herein, the above control 
valve body (not shown) for transmission control is to be disposed on a given 

15 circumferential position of the transmission case 3. In addition, the operation oil ducts 68 
can be substantially uniform in length, thus achieving substantially a uniform transmission 
response of the first clutch CI and the second clutch C2. Even in the condition that the 
relatively high hydraulic pressure is requested due to the great transmission torque, the 
operation oil duct 68 of the first clutch CI and the second clutch C2 can be free from the 

20 reinforcing sleeve and the like since the operation oil duct 68 is formed in the middle wall 
53 that is relatively thick. In sum, forming the operation oil duct 68 directly in the middle 
wall 53 can prevent increase in the number of component parts and prevent higher cost. 
[0383] 

Moreover, being disposed on the outer periphery of the speed reduction planetary 
25 gear set Gl, the third clutch C3 for inputting the rotation of the input shaft 1 directly to the 
third planetary carrier PC3 of the single pinion planetary gear set G3 can shorten the 
operation oil duct 60 which extends between the control valve body (not shown) and the 
third clutch C3. Herein, the above control valve body (not shown) for transmission control 
is to be disposed on the given circumferential position of the transmission case 3, 
30 Moreover, the thus disposed third clutch C3 can contribute to allowing the operation oil 
duct 60 to become substantially equal in length to the operation oil duct 68 of the first 
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clutch CI and the second clutch C2, thus achieving substantially a uniform transmission 

response of the first clutch CI, the second clutch C2 and the third clutch C3. 

[0384] 

Being formed in the pump cover 6 that is relatively thick, the operation oil duct 60 
5 of the third clutch C3 can be free from the reinforcing sleeve and the like. Thereby, the 
operation oil duct 60 can be formed directly in the pump cover 6, thus preventing increase 
in the number of component parts and prevent higher cost. 
[0385] 

For a preferable (smooth) flow of the operation oil from the control valve body (not 
10 shovm), the operation oil duct 68 (of the first clutch CI and the second clutch C2) formed 
in the middle wall 53 and the operation oil duct 60 formed in the pump cover 6 can 
concentrate at the front portion (left in Fig. 23) of the transmission case 3, thus eliminating 
redundant transmission control circuit. 

15 [0386] 

Although the present invention has been described above by reference to three 
embodiments, the present invention is not limited to the three embodiments described 
above. Modifications and variations of the three embodiments described above will occur 
to those skilled in the art, in light of the above teachings. 

20 

[0387] 

This application is based on a prior Japanese Patent Application No. P2002-207285 
(filed on July 16, 2002 in Japan). The entire contents of the Japanese Patent Application 
No. P2002-207285 from which priority is claimed is incorporated herein by reference, in 
25 order to take some protection against mis-translation or omitted portions. 

[0388] 

The scope of the present invention is defined with reference to the following claims. 



